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MATHEMATICS IN THE ELEMENTARY SCHOOLS 
OF THE UNITED STATES. 


SUBCOMMITTEE 1. SCHEMATIC SURVEY OF AMERICAN 
EDUCATIONAL INSTITUTIONS—THEIR SEQUENCE AND 
INTERRELATIONS. 

'I'iio following rojK)rl of SnlK’ommilloo I was proparoil li> meet the 
sj*eeial lUH^ds of fon'ign iviniejs. Although it tl(M*s not ivlate st)lely 
to eleinentarv seh(M>ls. it forms an appropriate int^o(^uetiol^ to the 
general report of C'ommitt^v No. I. syiee Mime seht'matit* survey of 
our e»hieatioiml institutions is mM*e'-siirv in heginning tlu‘ stmly of 
om* system. Fur tiu> riMMm it pree(‘*le> the geiuTiil report of this 
eominittee. 

(JKNFHAL DIVISIONS. 

The Amerienn systeih yf education du ides into two main divisions: 

A. IMiliMr education; Covernment t'ontrolltHl and Covernment supitoritHl. 

IJ. Ntuiiiiiblic ^Htueatioii: ('oiiirolhHl l»y n'li^ious ImkOi's, private mrporaiWrnft, 
or jHTBoTia with philunlhroiile or fiduciary intent. May^be Bubdlvldwl IjUo . (<0 
UoIiKioiKi edneatltui. rdiitrolUHl and anpiKtritsl I»y reli^Unis denominations ami 
wHts; \b) private and seniiprivate inst Untiuns.nmhHlfni: tlmst* niannyuMl for 
orotit : and (r) supplementary and extra insiituiionaii/asi UKonrios. sii^ as the 
CarneKle foundation for t.be promotion of ti-acliin^:. the Unsx-11 Sa^c ftnnulalion, 
and the National Kdueatlon Asso< ijitiou, 

- AOKN(di:S OF IM ItldP KlilTATION. 

I, The Natlohnl (toverntnent. This ndmlnlsierR but a small i>ortlon of public 
wlucntitui. («) The Itnreau ofiif/lneat Ion is a natjonal ottlre, under the Dtp 
partinent of the ,lnterit)r. It Iri\lesijnuHl mainly to asstnnble, tlljrt^t. and dis- 
seminate edneatloaul infonuution. It is also ehart<Hl with eertain resiKinsi- 
bilities for native education (In Alaska), ih) The Indians of the T'niltM 
Sfates un> mostly wards of the Natitm, As smh they an* t*d.m*attHl by the 
National Oovemment, either throii^rh snhsidleH granttHl to eluireii laalles or 
through BchoolB malntalueti hy the Department of the Interior, Tluw whools 
partake of an ImlUBtrlal eharaeter, ic) Th^ National Oovemment also organ- 
izes or provides for the organization of the school Bystems for its del»**ndencil^8, 
such as Porto Hico and the Philippines, Similarly It prov'^des for the school 
system of the Capital City— Washingtott. id) Two principal s<‘hool8— West 
Point and Anuapolls-and a number of minor sahools are maintained for Uxe 
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8 MATHEMATICS IK THE ELEMENTARY SCHOOLS. 

traInkiK of offloers and men for the Army and Navy, (t ) The National Govern- 
ment makes appropriations to each of the States for the ftirtherance of higher 
-Aedncatlou In agriculture and tjie mechanic arts. It has also In the past provided 
exteuslye laud grants for the sup|)ort of the puhllc scluail systems of the States 
and unjversItleA In conjunction with the States, or sometimes philanthropic 
agencies, It carries on Investigation ami experimental work In agrlcnlUire (ir 
educational purpopes. 

II. The State governments. The primary agency for the exerolse of eiliycn* 
llonnl functlooB is the Stnte. ^lie NationnI Government oxorolst^s no coivtrol 
ami so fur little iH>wer of BUggesifon over St«te govemmoiits, 

(a) State )Const It iitions. These, ns fuiulanieiitnl lows, usually contain pro- 

visions requiring the urguuizution of systems of inibllc <‘duc:it(oH, nml 
often detin lug special features. 

(b) State leglHlaturea These, meeting usually mimnilly or bieuuially, pass 

laws fixing, often in great detMil. funiis of c»liic;itioual admlul.stra- 
- tfon, providing for supiKirt ami the like. 

(c) State board- ami State suiKjrlntendeiit. Nearly all States have provl- 

; slonsfor a State machinery of eilucatlonal a»linlnlstratimi, the s<‘ope 

and nuthorltj' of which vary gi-eatly. In general, tliis .mlmlnls- 
tratlon Is confined to elementary and smmdary mlunitlon. h) many 
cast>8 the State suiJerlntendent is elwtml by puicral sunrage. and 
his functions are mainly supervisory iuu\ adviwuy. In other cases 
he Is an e<lucallmml expert, aiiiKilnicd by a State board, ami with 
considerable authority ftn* liniHisiiig standards and ;idiiiiii)stcriiig 
types of education, state boanis also vary widely la fum-Uons. 
Some have authority to selw t a variety of e^hirit iimal e.xperts. to* 
direct the exiH*ndlture of funds, ami to control certain typers of edu- 
cation. Others have functions IImlte<l to enstody of state school 
fnndB and the certification of teachers. 

(d.) State educational Instltutloiw. The .Suite forms the nre:i for ilu> iid- 
nilnlstratlon of a variety of edlicatlonnl Instltullons. j. rnlversl- 
tlea and colleges. .Most Western nml Southern States support ami 
control universities : nnd all hnve an ngriculturul college, partly 
suptKirted by nntlonni grnnts. Freqiienlly lln>.so an. .llnstnl l,j. 
specinl bonrds appointed liy the Stale e.xwutive. 2. Normal schimls 
are found In all but two Slates, governnl either liy a State hoard or 
by local hoards appointed for lids pnr))ose hy llie executive or by 
a combination of both ai^orltles. 3. Sclioyis for dellmiuents. do- 
fcetives, nnd detiendents. Almost, everywhere hiost of these are 
State Institutions; but sometimes’ the State snpiH>rts and leaves 
control to a religious or philanthropic Ixsly. i. Sitecinl school.s, espe- 
cially for ugrlCHltiiral, forestry, or t.H linlcal training, mulntnlnod as 
State Institutions, are found In n few Slates, r,. la some States 
a library commission Is maintained as part of the Stiito iHlncattouul 
macbluery. 

(e) Teachers’ Institutes. State libraries for teachers and extension work 
are In some cases organized niid siipporfeil by Slate authorities, 

, but more''commonly hy smaller areas than the Stale. 

<f) In a. few States, State authorities certlflcate teachers, Inspect schools 
(especially secondary schools), select textbooks, approve plans for 
buildings, examine pupils .(esiieclally for"udmlsslon to stssindary 
school or college), and jirovlde or suggest courses of study. Such 
functions are found In relatively few Slates, but there Is a growing 
tendency in this direction. 
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III -Local^re-H of a.lmlnlstratlon of cchicatlon. Theae vary In alre and polltl- 
..ni imnortance In the various Stated. Five types are commonly found : 

TaTTbn.„unty. the largest subdivision of the State, under the law e«r- 
rises little or no etlucatlonal function In New England, ^ 

most Sopthern States, and a varying amount In North ® 

Western States. Is of consUlerahle Imiwrrtancc ns an authority for 
. inspection ( cm.nonly uusc-alleU su,.ervlslon ) , auditing of 

accounts, certlllcatlon. after training of teachers, and of taxation. 

1 ess freiiuently It Is the administrative unit for secondary agrl 
.nltnral education; occasionally for general secondary education. 

0,1 Thrown or township. Usually embraces several schc^ls and Is fre- 
qnently the Urea of local ndmlnlstr,itlon mid taxation In that 

. |K>rtalns directly to swomlary and elementary srhools. 

• (cl Tie district. OrlginaPy the area from which one school drea Its 
^ a, Ills in earlv stages of the evolution of eilucatlonal admlnlstra- 
lion It had important functions, npart from the direct managemeh 
schoc-s These 'fum tlons are gradually being transferreil to 
They are the eonsolldatlon of districts and the trans^ 
IKirlitlou of pupils, in many States large .entral schools are being 

,,n Tir’cln'' Municipal areas give, rise to districts with special char- 
e iVtics. The city friHiuently combines the administrative func^ 
'.mns cxercisisl h.v county, toum, and district, and In some cn^ he 
Sfite even reia.ves Its sniKMvision In the ease of city districts. 
Within the cities of the I nitisl States educational admlnlstrat on 
tends to iKSome centrall/..sl, lay boards hcK.oming smaller, the 

.„„„orlty of Massachusetts 

In States Hpcsrlal iuliuinisti)Ul\< ways fAi 



schoid commissioner distri.t differs from the county. In 
T' State is divhhsl Into a few large areas for certain kinds of 

HUpervisioiK 

TVrKS OF rUHMC SCHOOLS. 

I The kindergarten, nsnally admitting pupils fro.n 3 to years of age. and 
L The KiiunrMM , j maJnlv lu eitien, ami moat commonly 

HeUlom holding them *ejo * ‘ havlug‘8,000 or more popula- 

provkUxl In poorer sections. In HK)7-f> nU ints mmuK , Nowhere is 

7'“ L to the hlg? seduKds atul the ele.nentary s^t.ol rarely provides 

::“:^nug — rst s 

trast to Kuroia mi b™ |n„guage and mulhematlcs. In the upper grades of 
subjects. conditions the standard maintained 

^ fiidflh It hv the close of the conumlHory school period— 14 years 

!^age. IH 19OT-8 some 1(1.100,000 children were reiwrted In tge elementary 
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III. Secondary schools under public sii|>|>ort are oominonly CItlled high schools. 
Of these there are four or more distinguishable ty{)C8: (a) Geriernl hleli 
schools, sometimes subdivided ns classical, literary, scientific, etc., whose aim Is 
primarily cultural, and whose curricula are mainly com|)osed of langunRes 
mattematics, science, and history, ib) Commercial high schools, sometimes 
within general high schools. These vary largely in character, souie having 
short courses, other substantial four-year programs, whose controlling aim Is 
preparation for commercial vocations, ic) Technical high schools, varloiislv 
called manual training, mechanic arts, and imlytwhnlc high schools, which alii, 
to Include with parts of a general course a considerable training In the i.vhnlcal 
- subjects which attach to the industrial arts or household arts. (</) Agricnl 
tnral high schools. These vary largely m curricula, some hoing ordinary high 

schools with attempts at agricultural training, centering nmlnlv anaind 

studies of agriculture. 



iTi liK)7^ there wen* ux the public IiIkIi whools of the rmitHl States TJHMKK) 
students, or ahont 0.1)2 ia?r cent of the total |H.|ailallon ; of lhc.se ncai ly im pc- 
cent were girls. \ ery few of these sindenis weie under 14 years of age. and 
also few were over 19. As contrasteil with liiroia'an smmdary .scIkkiIs. the 
most significant fact Is the late age at which pupils may take up s<sondarv 
scho<d work. It being obligatory to comi.lele the elemenlarv course first \l,oi- 
one-half the pupils entering high school do not stay more than two years, or 
Is'yond the age of 10. Of the alM)Vc iinmher of students. were report.sl 

111 cmamerclal dc|Nirtments. No sc|ianite statistics are available of aUendanee 
In public ttsbiilcal swomlary schools, but lit tllere were In ibe ptiblb- 

and private schools of this tyis- .Vs.OOO sliidetits. 


IV. Normal schools, dcslgmsl primarily for the fralnliig of teachers for el.'- 
mentnry schools, are found Iti till but four .Slates, wbert' courst-s at .state col- ' 
leges are provided. In 1907-8 there were 1,89 of these St.ite normal schools, 
with 04,000 students. Two typos ar.' dlstlngalshiiiile : Thost* receiving onlv 
hlgh-Rchool graduates, and nsnally having a cotirw' two years In length, anil i 

those receiving pupils with little more than elementary hcIkk)! preparation, and I 

having courses from three to five (nsnally four) years In length. .Sometimes 
both kinds of courses are found In the same school. TIk. States hotter siipplUal 
with secondary schools now nsnully retinlre hlgh-scli<«.l graduation for ad 
mission. 


Many of the larger cities of the I'nlted States also maintain city training 
KhoolB which receive hlgh-s<'hooi graduates and give them a one or two yenrs’ 
in preparation for work In the elementary whools of -the res|.ectlve 

A number of normal schools, in addition to their two-year courses for hlgh- 
school graduates, also maintain four-year courses for exceiitlonal students, and 
give degrees. At least one (Albany Normal College, New York) alms nrlniarlly 
to prepare teachers for secondary schools. Uut a large and Increasing majority 
of the teachers In secondary schools must be ^aduutes of the njgnlar c-olleges 
and unlverBlties. 

Normal schools are frequently resorted to by young people whose primary 
aim 1 r a liberal education, rather than a preparation for teaching. 

V. Colleges and universities. Satisfactory statistics of public as distin- 
guished from private colleges' and universities do not exist. In 1907-8, of the 
673 universities, colleges, and technological school^ having 150,000 students, It 
was reported that 89 having over 00.000 students Were public— that Is, were 
supported mainly at public exjiense atxl were governed by imbllc bodies; 82 
of these were State universities or colleges of agriculture. The attendance 
at uese Instltutlona averagea. much higher than at private achools. Usually 
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their admission requirements coincide with the requirements for graduaUon 
from local secondary schools, thus forming part In a continuous chain of public 
education. 

Afflllateil with, or Integrated with, many of the public universities are pro- 
fesHional colleges for medicine, law. pharmacy, and the like. Within recent 
years there are also appearing special colleges as parts of the universities for 
the training of teachers, 4 isi>eclally those for secondary' schools, and those pre- 
jmrlng for administrative Avork. 

VI. Special schools. These exist to mtvt si>erlal class or social needs, and 
have their standards governed by the conditions to which they must adapt 
themselves. 

(a) Under the National Government are two schopls primarily to train 
officers for the Army and Navy. These are of collegiate or techno- 
logical rank, and receive students (tf selected qualities. In addition, 
the Government nialntalns extension Jkt^aftpmte study for officers 
In service and a number of schools for the training of cadets or newly 
enlisted men for the Navy. 

(ft) Indian education Is also under the dlrectloiS of the National Goveru- 
inent. Schools are umlntuined In Alaska, on the reservations In the- 
UnlttHl States, and In a number <»f cases off the reservations, for 
pupils esi>ecially of a iilore advanced type. Tlio work In these schools 
is nsnally elementary in eharnctt‘r. with iiiereaslng attention to prac- 
tical or vocational nsi)t‘cts. In a few schools (Ilaiuptou, Haskell) 
spevial attention Is given to the training of teachers, and esi)eclally 
for the transmission of the household arts and suitable vocations , 

for men. 

(c) Originally, Inunost of the States, phllanthroity supported the education ^ 

of some defiH'tlves, dei>cndentH, and delinquents. Thou the States *5 

snhsidize<l these institutions and later in many cases either took ^ 
' them over or supplanted them with public schools of day or lustl- 
t\illonal type, ttoiiic are under the State administrative machinery, 
others under Uk'uI control and BupiM>rt, but these distinctions are 
unimportant. h:ach type of school works out courses of Instruction 
and methods adapted to Its neeils. The work Is Increasingly voca- 
tional In character. In there were 40 State schools for the 

blind with 4.:H0 pniills; IITJ schools for the deaf (T>5 State. 51 pub- 
lic (lay schools, and 10 i.rivate), with 10,042 students In the State 
w’hools; au^: 2.5 State Inatitutions of school character for the feeble- 
minded, with 17,225 Inmates. In the same year 92 reform schools 
' reiMirted 30,900 pupils, nearly all from 12 to 16 years of age. The 
care of dependents Is mostly under private auspices, and no satis- 
factory statistics are extant of the number of schools. 

(d) Several States have establlshcHl Bi>eclnl forms of Industrial school^, 

sometimes of sv‘coudury grade, sometimes Intermediate between sec- 
ondary school and college. There are no available statistics of these. 

As a rule their curricula approximate In character the technical 
secondary schools, with siwclally Intensive developments along the 
lines of agriculture. Industrial arts, and household arts. 

(e) ’ Otntlnuntlou schools, evening schools. These are extensively devel- 
I oi>ed In the larger cities of the United States. In 1905-6, 23 cities 

rei>orted 314,000 children enrolled and 129.000 In average dally at- 
tendance. No satisfactory classification exists Bhowfng number who 
are taking technical work, hlgh-school work, studies of an ele- 
mentary nature, 9 r special work In ElngUsh for foreliFners. AU these 
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types are rei>rew»nted. It is ia:enerftlly known tbnt special classes 
for the teachlnj? of P^ngllsh to foreigners are iargeiy on the increase 
and that technical clasaes are being atetidily devel 0 ]>ed. Hut It Is 
rare to find consistent prograniB running through a series of years — 
the work is fragmentary, 

A form of educational work growing out of tlie universities la that called 
university extension. Hy means of hytnrcs and extension clusst^s it seeks to 
disseminate and i>oiMilarlze Iilgher iHlucntitm. 

NOMM. BLIC AGKXriES OK EDKCATION. 

I. Religious organizations. A very large part of private education in the 
United States from the lowest to the highest grade IsltJ^rrled ou Ity religions 
organizations. With very few exceptions (In the case of whools for de|x?ndents, 
delinquents, and defectives) these schools ret'oive no pnitlic aid: ami thost^ not 
receiving iJiibllc aid are only rarely under public sii|>erviMion, and that of the 
most perfunctory character. No system of cert lllcat Ion prevails with regard 
to teachers In these whools; and they develop their own standards according 
to their own needs. Except for colleges and some forms of sei’oiulary e<lnca- 
tlon, It is not i>OH8ll)Ie to i>rocnre statistics, in gcnerai it Is true tliat tlio 
competition of the |tubMc sclands tends to cans*' tlavi* private institutions to en* 
deiivor not to fall too far beliind in the (piality of their teaching. In these 
R(!hools, especially those under the Roman (’athollc Church, many of the tcacherH 
give their services as part of their rcligiouH duty, and where teachers work for 
pay, that is very low. As a ruip, these schools are experimental, lait aim 
deliberately to ivnrallel and If lK>sHlble to till the place of the imblic sthoois for 
certain classes of children. 

IL Philanthropic orgnnlzationH. These not lufnMiueulIy grow <mt of church 
Influences, hut also quite commonly have no dir(H.t religions coniUM thm. On 
the whole they tend to develop tyi>e8 of educatioA with which the system of 
public schools does not at present conc&ru Itself. /These itMl the way In estab- 
lishing higher edncatloii, in endeavoring to edimte the defective, the delin- 
quent, and the neglected; in establishing vocntlonLl education; and in develop- 
ing the wider adaptations of education In vacation school, playground voca- 
tion bureaus, and so on. Consequently the schools under direction of uonre- 
llglous philanthropic agencies tend to be experimental, and their standards 
change, and the results of their work do not lend themselves to sUitisticul treat- 
ment. 

III. Commercial ventures. Some forms of education in the United States 
represent efforts for private profit The tyi>e8 of school resulting vary largely 
In character and quality. Private secondary education usually <*Hters to tin? 
wealthier classes of. the community, esi)ecially in providing schools that com- 
bine residence and Instruction. Tiiese schtsfls have not state sui>ervi8ion, but 
tend, by virtue of their clientage, to be of excellent quality. Many of them 
have as their controlling function the iltting of students for colioge. Anothm' 
type is that fitting for certain portions of commercial i tract ice. These vary 
enormously, some being of excellent quality, others giving short courses and 
relying largely on advertising to win students. Of similar quality are a num- 
ber of private normal schools, which aim to prepare students for teachers’ ex- 
aminations. Correspondence schools, are private ventures, sometimes giving 
good work under adverse conditions, sometimes preying ujton the credulity of 
young workingmen. A few private schools for industrial arts (trade schools), 
exist, but play a small part In vocational education. 


SCHEMATIC SURVEY OF AMERICAN INSTITUTIONS. 


13 


TUc Init-'t* maji'ril.v of oolU'ccs nnd imlversltles aiP prlvnto.<nnd frequently 
nrlt-'limt.Hl muler the iniKiiloeH of some religious organization; but these are 
londiiig away from any form of religious oonirol. and fall Into the, group de- 
KcrllH'il above ns plillaalbroplo, slave mily a small l>art of their actual exitensea 
are asaally dorivi'd fnaa the fees of students. 

Over privni.t .sluealional agencies of all s..rts there Is almost no State con- 
trol except la the case of those that deal with delimpieut or allllctetl children. 
True to Urn prevalent imlividuallsm of .\merlca. It Is assumeti by the State that 
the demamls of those who patronize the private schools and the comiretltlon of 
those umler public mamigement Is siillleleut to Insure the quality of the work 
of the former. lit New V.irk and Connect leal there are certain beginnings of 
State supervision, hat they are not yet slgnlticaat. except la the particular 
resiiecl that schohirshiii standards la swomlary educatlpn are made largely 
the same in Now York State for both public ami private sclus.ls by a system 
of exauilmitions (■(•ladiicte.l by public authorities. Hut la such majters ns cer^ 
tllleatlon of teachers, stamlards of atteadnaee. equipment, and methods of 
tluTO (*xists HO form of public contnil. 

The exceptions ar,. f.amd in thos,> lastltatlons which care for destitute, de- 
f,s-tlve and dellmpamt children, iiiid here State HUiH>rvlslon Isexprclsrsl primarily 

I.ecanse these institutions .veeive eonsiderable pnhile aid. Those philanthropic 
institalloas that do not obtain public asalstauee have little or no public In- 
si>ootlon. 

' TVrKS oK NONI»riU.It.’ SCHOOLS. 

ThoHo iisntillv piintllH ili<‘ typrs of publir srluMtl ^:ivon abovo. oxcept as re* 
cards special featnivs. like tla- l.oardiag life -d the i.rivate sec(mdary school, 
the slant eoarses of ihi> Inisincss sclaiol, and the religious wlaeathm found In 
llu‘ srlionls nmlrr rrli^imis (ir^;'nizutions. 

I. iilwjiys plillniithroiuf ami fnHpuMiily ('outributlng 
noiu(‘ tniiulim nf (onrluTS. 

II. l*ar<.rhinl oli'uuMUnry sfhools, TIioh; are mainly doveloiKMl umler the 
, I.iithcrnn and Ibiman Cal hoi Ic ( -hurches. ami asaally parallel the public schools. 

In Ihe Catliolic schools ihe supervision is under the ])arlsh priest, and the 
teachers nre often memlmrs of orders. 

III. Private elementary s( Imols makitalned for profit nre few and have small 
latlnence. 

IV Prhale hnshiess schools are couducletl ehletly for profit. Over 150,000 
Sindents allem^nl such schools in l!K)ll-7. Admission requirements and quality 
of work 'ary eaormoasly ami generally lend to he strictly practical, 1. e.,. pro- 
duce In n short lime the maximum of vocational efficiency. 

V Prlvale trade schools. Tiles.' are not numerous and vary greatly In 
,.l„„-,H'ler. A few are amlntalmxl liy Indnsirles lo assist apprentices, la which 
ease Ihe work Is usuallv technical, to supplement shop work. In other cases 
s, hools maintained for profit give short and Intensive training la certain trades 
(.•.amn.mly womlw.a-Uing. plamblog.'machlueshop work, and s.i mi). Several 
schools etidowml by phlhinthropy give long courses of trade training. 

VI. Correspondence schools. These probably have over a hundred thousand 
students In the rnltctl States (no exact figures available) to whom they teach 
mathematics, drawing. applUHl science. espe< lall.v .nchanlcs, and In less degree 
a few other subl.K.ts. Standards are variable; much of the work plays uism 
credulity, but under favorable condlllons the more self-reliant students gain 
much. Tliey exlHt mululy for i>roflt 
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VII. Parochial secondary education. This Is yet little developed. Secondary ' 

education for religious bodies Is accomplished mainly In academies and pre- ' 

paratory departments of denominational colleges. 

VIII. Private secondary schools. Theee are numerous and strong. They 
fill two chief functions, sometimes not closely relatetl. They serve as boanllng 
schools at the adolescent period when many parents believe that boarding-school 
life is very valuable for their children ; and they sen to prepare pupils directly 
for college. They grow but slowly, but have a fairly constant attendance of 
over 150,000* puplla Many of them have eddoweil foundations. 

IX Coilegea and universities. These seldom exist for .profit, usually owing 
their foundation to religious or philanthropic zeal. In recent years religious 
control has greatly relaxwl. so that It was easily possible for many of them 
to change some nominal restrictions in their organization and ct>me under the 
definitions imposed by the Carnegie Foundation for the Advancement of 
Teaching. 

In 1007-8 there were reported to the Commissioner of Education 4.^ private 
universities, colleges, and schools of technology, with enrollment of over 96,000 
students. While u secondary education is assumed as prerequisite for admis- 
Blou, it is know'u that standards vary widely among these private institutions 
of higher learning. 

Professional sc^hools, often parts of universities bm also In many cases 
independent, are. aimrt from tliose devote<l to engineering pnrsnlts, of six 
kinds— theological (9.5(X^ students), law (18,(KK) students), medical (22.000 
students), dental (0,500 students), pharmaceutloaF (5.500 students), and veter- 
inary (2.200 students). 

X. Hpec'lnl schools. A vnriety of RiK'cliU^'booIs not Included above exist i 
under private* leadership. The educatlon^^ negroes, of Immigrants, and of 
defectives has produced schools adapte<l to meet particular ends. Frequently 
these serve society as experimental stations, pointing the way to subsequent 
State action. Their character and puri> 08 e 8 are too varied to admit of statis- 
tical treatment 





COMMITTEE NO. I. GENERAL ELEMENTARY SCHOOLS. 

The special field of investigation assigned to this committee was 
the teaching of mathematics in both public and private schools of 
the rank known as elementary schools. It was desii’wl that while the 
investigation should cover whatever gi’ound seemed pertinent, it 
should especially consider the following topics: 

((?) The aim and organization of the sclnn^ls and the general re- 
lation of each type .of si'hool to the others; (/>) the mathematical 
curriculum in other schools; (< ) the question of examinations from 
the point of view of the schot>Is; (fl) the methcnls employed in teach- 
ing in the schools; (r) the preparation of teachers for the schools. 
It was desired that the re[>ort shoujd particularly ^et forth the pres- 
ent conditions and tendencies. An attempt has In^en made to carry 
out the spirit of thes(‘ directions. The report is organized with ref- 
erence to these five points. 

I. THE AIM AND ORGANIZATION OF THE ELEMENTARY SCHOOLS. 

DEFINITION AND AIM OF ZLZMZNTAHY ZDITCATION. 

Elementary education is that training which by common custom 
is deemed* desirable and necessary for the duties and privileges of 
citizenship. It is usually made compulsory by law. Like all such 
definitions, the meaning (d this Matement becomes clear only 
through an examination of its interpretation as given in the cimic- 
ula of the various school systems or in somewhat miorc specific state- 
ments of its content by various individuals. The elementary school 
strives to give the pupil control over the tools for the ac<piisition of 
knowledge, to develop interests an^l desires for further acquiytion 
.of knowledge, to excite ar large number of curiositie.s, to stimulate 
thinking, to form the habit of collecting facts with which to think, 
and to aid the pupil in the formation of right habits of conduct. 
Prof. Thorndike has said : 

The Hpeclal proximate alms of the Hrst rIx years of school life are commonly 
taken to he to gi%e physical training and protection against disease; knowl- 
edge of the simple facts of nature and human life; the ability to gain knowl- 
edge and pleasure through reading, and to express Ideas and feelings through 
spoken and written language, music, and other arts: interest in the concrete 
life of the world; habits of Intelligent ctirlosUy; purpose In thinking, modesty,, 
obedience, honesty, helpfulness, affection, courage, and Justice, and the Ideals 
proper to child life. 

1442'’— 11 2 
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Prof. I la mis has saiil : 



Elementary, or prt^sei’oiulury Rcbool eilnontrou, slionld i>r(nld(‘ tht. nmst 
wilutiiry physlnil envinaiment for llu* piiifil. ami proimne his noniaU pliysiral 
dovelopmimt thnmjrh approiiDaie training. Il sluaild opni Hu* mind of the 
child and let the world In. Ir shouM stiimilaie and Kraiify cnriosliy hi e\riy 
field of wortliy human aellvlty. and utilize this eiuiosily for the iic«}iilsitl.*ii 
of knowUslfre and the dt*velopnioiit of Ineipient permanent Interests In an>l 
power over this knowUMlp*. U should aetinalm the pupil with Ins <|uties and 
hl8 prlvllejres as a ienjiH>rarlly dependent immiher s.Klety. and i>roniote tin- 
development of liahlts of thoiiKlit nnd eondm t in Jianiiony with his ^'niwiip; in 
sijtht. - * , 

ELEMENTARY SCHOOLS. 


Diirerenl localities iiav<» interpretod thiv dellnii p>n a- seem> proper 
to them, and in aeenrd with the inliM'prottit ion tliov lia\e oiTranized 
their olemontary sehouls. In thu'Kasiiu'n Slates tjie>e schools often 
inelude tho lirst nine school yetirs or omdes; in the South, ii.suallv 
.»even years; hi the North nnd iisindly ei^dit viuiis. 1'Iiere is a 

mo\cinent tir^ed hy some of the best (‘diu'utors to Iia\i* tlie eI(Mn(*iitai‘y 
^Trades cxiver the first six school years, from tlu* of i; to die a^e of 

lettin/^ the seetiiidarv school cover tin* next '>i\ m IiooI vears. 

The school year consists of approximately IsO ^elmjiil da vs jier vean 
Tn l8‘)0 the averap* in eitie> of fmui l.(MK) to s.OUO po|)nla(lon \va- 
IHO.O days, and for the whoh* eounfrv In I days. The seht>oI ilav i> 
approximately hve hours in length, and tiie school is in sosion from 
Monday to Friday, iiielusive. 

n. THE CURRICULUM IN MATHEMATICS IN THE ELEMENTARY 

SCHOOLS. 

CURRICirLUM IN GENERAL. 

The term arillimetie “ is tised to denote the iiiatheiiiatical (‘leintml 
of the curriculum in American ctementary scliool.s. Arithmcijc is 
taught in all of (he .schools. It may safely \>e said that (he [niblic 
at large consider it one of the most impoi' iiit subjects of (he ciirricu- 
limi, and circumstanct*s ha ve giveji it in flu* past an unusually promi 
nent place in (he estimation of (eaehers. Madiemaiics was formerlv. 
and is to-day, an excellent test of the general al(*iliu*s.s and “hright- 
ness*' of (he pupils. As a result the “hrighl'* pupils^ who later 
l)€Come tlie teachers, continued to give emphasis to the subject. 
Furthermore, the organization of the rural .s<TooI with its one teacher 
in charge of many class(*s necessii^d much seat work, and since 
assignments in mathematics could r^^^ly be made and could be cor 
^rected very easily, while to have ‘‘ciphered through the book’' was n 
mark of distinction, and since pupils who had any ambition to attain 
this distinction could thus Ikj kept “in order'’ for long period>. 
mathematics came to form a major part of the curriculum in the rural 
school, and it has niaintaixied its position to an extent up to the 
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present. Tliere is a disposition in^ srliooi rirrles to deny that the 
importance of inatlieinatical training is such ns to warrant the place 
it lias (K’cui)io<i and still holds, \ 

A study of the time devoted to various subjects in the pfrades in 
.M) of the leading cities showed that about, lo.’itl per cent of all of the 
>(*liooi lime was ih'voted to arithnu'tic. The same study indicated 
certain other facts iHunin^ upon the phuv of mathematics in the 
ciiiriculiun. Tt showeii that arithmetic as a ftirnia! study is 
dropped out of the lirst and siHMmd pnules and tliat in the upper 
tirades arithmetic is Imuiijx snpplementcil by al^elua and geometry. 

( )iit of thest* aO lar^e school sy^tcni" Ii> only have al;;i‘l>ra as sucli in 
the seventh or ei^^hth grades and only ^ivc any time or attention to 
jreoiiK'trv tither than the work in mensuration. Heeommendat ions 
ha\e ajijieared from time to time during the past la vi*nr> that the^ 
i;rilhmetic coiiiNt* ho curtaih'd ami enrieluMl — curtailed by omitting 
the study i^ the early grades and by omitting (rrtain iopies; eiirielied 
by iutrodiieiiig geometry, alg’elira. aiul otbei* iutei'esting topics in tin* 
uj»i)er grailcs. The statistics (piuted above iiidicuti* tliat only per 
<riit (»f the r»0 large-t lities luive followed out the reeonmiemlation, 

Tliis same eoiiditioii was found by aimther tMiiircly indeptudent 
iinotigatitui. except that even a smaller proportion of the schools 
wen* giving attention to algt'hra. So, in general, mathematics in 
Ameri(*aii scIhmiIs means partieidarly arithmetic with a Certain 
amount of mensuration, 

CONDUCT OF THE MATHEMATICS COURSE. 

The teachers follow rather closely the. textbook which has been pro- 
vided for the mIiooK. Whether following llic text or imh'peiideiit 

of it, they are guided as to the extent of each year’s work by* an 

outline or cours<* of study. The.course of study is usually made out 
hv the Miperiutendent of schools of the city : in larger cities tlie super- 
iiittuident dei<*gatt*s this work either to assistants or to a committee 
of principals or of principals and ttail'hers. while occasionally the 
heiul of the dcj)artment of niatlieiiiat i<*s in the high school is called 

upon to a>sist. Tin* supervising oflicei''' of the schools are a> a rule 

expert, pxporieneed men and women, who have “risen to tlu^ top'' 
because of their ability, and they bring to tli(*ir work on the courses 
t»f study the |)roduct of their years of cxp(*rieuce. AMiile this is true, 
it is natural to intpiire wliether it is common to have in large systems 
itji ox|)ert supervisor <if mathematics, analogous to the supervisors 
of musi('. and art. An investigation has >liown that it is exceedingly 
rare for cities to employ such a sujiervisor of inatlicjnatics, although 
in some cases the work is delegated to an assistant superintendent. 

Tl^e .same condition obtains in the case of geography, liistoi'y, and 
oth^r subjects. At the same time mathematjes undoubtedly is a sub- 
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ject which calls for exi>crt knowledge wliit^h is less commonly part 
of the e<]ui|)nu*nt of all teachers; and, furthermore, it is a subject in 
the teiu’hing of which there is tO'day an uinisiial amount of change 
and uncertainty. It must Ik* said that there are in all systems of 
schools a growing iinmlu'r of teachers wlio have made a s|>i*cial study 
of tlie teaching of mathematics in stdmols of (Mlm-ation. 'The com- 
mitt(*e f(M*lstliat exjxut snjH‘i \ isimi ofarillunciir in the j)iihlii‘ sclvool> 
slioidil U* more common. 

COURSE or STUDY. 

'I*he cohiM* nf "tndv'in its -inijdcst hmo rniisi^('> nu'rely of din'c 
tituis ns (o the page limit'' wiiliin the t»>\t; tjifi" marking the assign 
ment hu* eaih \ear. It varii's from this to a much more detailed 
outline in comnuinitics wIum’c tlaaa* is dis-at i^fact imi with the mutcral 
type <»f t(*xl. In tln‘S(‘ latter |>Iac(*s tlici’t* is given an <mtline by gra<lc'' 
of the topics to be covered, togellicr witli teaching hel])s. rt‘ft‘renci^, 
and snggi*sti<jns for^*o!)lcm material, In such cases it is gcmerally 
imdei*sto(Hl thatMhe cintline ratlua* than the text is to !k‘ followed. 
The wisdotmof ihi" plan de|M*nds upon ilu' amount and chara tci-»^of 
the snj)ervis.i<»n. and juj)on the ahilit.y of the teaching forct‘. 

CONTENT or THE CURRICULUM IN MATHEMATICS. 

Th(‘ following sinmimry iiulicatcs tlu‘ general contrni of the course's 
by gra d<‘s: 

Oratlr /. — More or les^ incidental number work or number work 
corndated witli manual training or with some other delinite suliject. 
Vhiriations: From no iminher work at all to very formal work on 
addition, sulitraetion, and thi^ imdt iplicat ion tahh‘>. 

Grade — Xmidier work ( mrrelated with otluM* sidijects. .Vddition 
fa<!ts emphasi/.<*d and in many places tlu‘ nndti|>lii‘ation table hegnn. 
Variati<uis: In a fi‘w >clu>ol.s tlu'rc is no immlHU’ woidv; in some, at 
the otluT extreme, <li vision is taught. 

Grade d . — The j)rr)cesses of addition and subtraction inastertnl to- 
gether with some work on the multiplication taldes, the tables often 
being cotnpletod. A'ariations: few scIuhiIs give no work at alh- 

while some give conshhuahle work in fractions. 

Grade — Midi ijdicat ion and division mastered, \hiriations: 
Fractions are taken up in many schools. 

Grade •>. — Fractions iiuisteivd, some decimals introduced, denonii* 
nate iinnd)ers employed. 

Grade 0 . — Detumals as related to common fractions, with much 
problem work. In some schools simple interest and percentage are 
begun. ^ < 

Grade 7. — Percentage and some ^ its a pplications. 

Grade 8 . — Business applications of pefCUTlfag(‘. Mensuration of 
solids. Variations: No*arithmetic at all in the^hole or the latter 
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linlf of tlie prndc; the lime devolod to algebra; algebra combined 
uith aritlimetic, 

.This general informal ion alx)ve set forth is here n'pres<mted in 
grapliie form. In this form an o|)])orliinit y is given to when the 
^ludc of certain loj)ics is coinmeiu’ctl. where the bulk of it is d»»ne, 
;md when' it is complettMl. Tins graphic pre^eiitatii)!! of the facts 
1 - bas(*d ijpon an invent igation made of the courses of study in 28 
ivpical cities. Aside from the >ubjects taught in all of the s(*lux>ls, 
it is* interest ing to note that coni])ound int(*re'-t is taught in t'd per 
ci-nt of the schooN. ]>artial j>ayinents in tU) ]>i*r c<*nt, exchange in 
per cent, partnership iti or ])cr cent.' stocks and bomls in 71 pc'r cent, 
compound pro]u>i1ion in Id per ct*nt. cuIh' root in 2S ix*r cent, the 
metric system in d(> |H'r cent, nlgt'bra in 'M\ per cent, comtructional 
gxamielry in 28 per cent, and graphical work in 7 per cent. 

While it is understood that the number of s<,’honl courses carefully 
examined was very smalh these results iiulicate certain facts. First, 
certain subjects, namely, certain of those mentioned in the prcivding 
paragraph, are slowly being dropped from the ctjursc. or elsi*. in the 
ca-e of the last four, are very slowly entering the course: second, in 
view of-the fact that the coui's's t^xamined were fnan larger cities, 
'-0 that these rc-nlts rejue-ent conditioim alnoe the average, it is 
evident that siich siil>jeci- as enU* ntot. partnei>hip. cxciiange. com- 
pound proportion, and partial jaiyments. are not being dropped as 
lapitlly as they shoidd be. while the taher topic" are not being intro- 
diiceil a- rapidlv as -taiie discU""ioU" might lead Us to think tlu'V uiv, 
irganiless of whether they should be uv not. 

Criiilf. 



Fio. I,— Grades In which common frnctlone arc (ctven ; taught In all Bchoola; moat 
commonly emphaaUed In grade S. 
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< Iradt*. 



llnui'.v 1 a 111. ^;r;ulc 7. 



5. — Cun>p“und inlvn*Ht : tani^lit ta rljiliti'f'n oat of lw<*nty rl>;lit or 

|HT on( of Horn: umst ^uiiiUiuiily fUipbUBiii'd iu S. 
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Grade^ 

5 6 7 * 8 



Eiu. 6. Commlgaion ; tAUxht In mont hcIiooIh ; D)OHt oi^tumuDly «*niptiBfliz€d Id grade 7. 


(Jrnde. 

<i 7 8 




Fio, 7. — Commercial diacouat ^ taught In moat achooln ; most commonly emphasixed in 

grade 7 or 8. 
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Grade. 



8. — Bank discount; taught In most schools; most commonly emphasized In grade 8. 


Grade. 

4 • C <1 7 « 




Fio, 9. — Partial payments; taught In 60.7 per cent of the twenty-eight schools; most 
commonly eiipbnHlzcd in grade 8. 
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. •*. 




Grade. 
T « • 





Fio. 10.^— ExHtnn^c ; In 42. H p4*r crnt of thi» twenty rlj'ht srlirnils ; tnoM oonv 

niutily >'tDplmRl7.<'<l in unulr s. 


Ora do. 

4 R ft 7 a 



Fift. n.~PartnrmhIp; tauKht In 57.1 per cent of the twenty-eight achoola ; moat com* 
munly emphaalztH! In grnde 





J 
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Grade. 

(j 



Fio. H.-“ (‘umpound pn»pot tlon : tiupihi in A'J.A p. r rmi i li.- I Wfni\ s. honlM 
• mt*st riuiJiJUMily rtnplmsl/i-d jn ^’rmlr s. 


Grade, 


Fio, 16. — Ratio; the Idea of ratio taught Id most acboois ; ueually emphasized In grade 8. 
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1 


I 


Grade. 

(1 


FUJ. 10.— Mousunilion of piano figures: taught In all schools; being spread out over 

the griules. 


Grade. 

«; 


Ei«, 17.-Mcn»uratlon of aollds; taught In D.<«t achools; moat commonly empha.Izcd 
'' tn grade 8. 



W 
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(Jrnde. 

4 6 





4 


7 






* 


% 





Kio. 10, Cub« root; (auKht Id per cent of fhc twenty-right schools; iiHimlly lu ' 

gfade 8, 






Fio. 110. — Kflotoring ; In most hcIiooIb ; most commonly empIiBslzcd In grade B or 6. 


Cniilt*. 


4 


\ 8 



'Ji . — Metric system; 


taught In 3n.7 (mt cent of the twenty eight schools; usually 
In grade 8. 


er|c 


rio. 
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(Jnule. 

r> 7 ' R 



>'io. ' 24 . Algebra; taught la ^5.7 per cent of the tweoty-elght schoola; usually In 

* gAdc 8. 


a 


Grade. 


4 5 0 7 8 



Fio. 26, Const ructlonnl geometry; taught In 28.6 per cent of the twenty-eight school*; 
usually tn grade 7 or 8. 

1442 “— 11 — a 
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Grades 

< . ^ « T , 8 



TEKDEVOIE8 At TO COHTEVT OF OOITEBEB. 

Before considering (Jic tendencies in the matter of the consent of 
the curriculum, it would be helpful to consi(ter carefully ceilain iu- 
flueiu'es atfi»cting the whole course of study in the clenumtarv stiiool. 
In order to economize space, however, a mere statement of thcvso in- 
fluences w’ill be made. There is, among school men, and in the pub- 
lic to-day, an unwillingness to accept tlio dcKtrine of formal dis- 
cipline ns it was formerly stated, so that it is no longer possible to 
justify the retention of any topic or subject by claiming for it merely 
great disciplinary value; tl>ere is growing l)olief in the doctrine of 
interest as essential to will training, nso that the possible attitude 
of the pupil toward a subject is taken into account more than for- 
merly; there is greater and greater insistence up9n the fact that 
the elementary school has as its function that defin^ briefly above, 
rather than, for e.xainple, preparation for the high school. All 
these influences would be^ir considefable discussion,' for their effect 
upon tho .mathematics curriculum is very marked,. For e.xamplo, 
there is great pressure to simplify tho course. This is In-ng done 
by using smallerfuiinbers in the work in arithmetic; by eliminating 
topics that are unduly confusing; by giving carefully graded simrde 
problems; and by cutting down the extent. and increasing the em- 
phasis on the part that remains. There is also great pressure to 
modernize the course. This is being done by omitting obsolete 
problem material, topics, and processes, and by substituting therefor 
modem problem material There is pressure to make the subject 
possess informational value as w^l as disciplinary value. This is 
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being done by a change in the problem material, such as introducing 
problems about our national resources and pn)blonis of local interest 

DtBTEtBVTlOV 07 THE MATEEIAL THEOTJOa THE OEADEB. 

Tliere are two giuieral modes of orpuiizing the whole course of 
study wliich liave receivetl much support. One is known as tlie 
topical plan, according to which each topic is treated once within 
the course of the eight grades, after which it is to lx‘ retained by 
tluvput)ihs. The other plan is known as the spiral plan, according 
to which each topic is touched uj)on n'peateilly and more or less 
fnH]uently throughout the ixnirse, so ns to provide the necossiirv 
reviews. _ln its extreme form this plan may Invome liighly confus- 
ing to teacluT and class and may lead to a lack of sufiicient concen- 
tration. The modern tendency seems to l>e to riH'ognize and take 
advantage of the good in b^)th plans; to adopt the spirit of the 
topical plan, to the extent that at various stages of the course certain 
mathematical ideas aiv stressed and ctTtain nnmbtr facts learned; 
and to adopt the spirit of the spiral plan, to the extent that there 

fnH|uent review of the essentials, so that the inevitable tendency 
of the pupils to forget is counteracted. 

TT7ICAL C0UESZ8 OF 8TUDT. 

Further discussion of the content of the course might be given. 
As a matter of fact, there, is only one satisfactory way to get a goml 
idea of the content of any C 4 mrsr> and that is to read the course itself. 
This same remark might hi^ matlo in reganl to the subject which 
will 1)0 discussed in the next chapter, the matter of method in teach- 
ing mathematics, the manner in which the schools seek to influence 
method also Inung undci-stood ln\st by examining a roursi' of study. 
Some eours(^s of study are given in Part VI of this report. . 

m. EXAMINATIONS FROM THE POINT OF VIEW OF THE SCHOOL. 

KINDS or EXAKniATIONB COKBIDEEED. 

Although the American contmissioners have assigned the subject 
of examiiiiitions to another committee, it seems proper to mention it 
briefly in this connection. 

Examinations given in the school are of three kinds: (a) Those 
given by the teachers themselves; (d) those given by the supervis- 
ing officers of the schools; (r) those given by a st'hool to determine 
the qualifications of pupils proposing to enter the schooL 

The examinations givei^ by the teacher are of two kinds; the ordi- 
nary “ written recitations ” and the stated examinations which may be 
required by school regulations. The first should not be called ex- 
aminations in one seiise of the word ^ they cover/hsually a short period 
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of previous instruction, and they are given as a means of affording 
the same sort of drill to all members of the class or as a means of 
detecting weaknesses as a basis for further instruction. Such writ- 
ten lessons are left entirely to the teacher, althougli it is advisiMl 
that they be given fre<iuently* Such examinations are in every respecv 
desirable wlien oonducfwl by the teaclier with dwsm'gard for the 
general welfare of the pupils. ^ 

The toad] ers are sonietiines required to give Uieir pupils a written 
oxamiiwtion monthly, quarterly, or at some other slated tinu\s, and to 
use tlie marks dl)Uiinod by the pupils for tlie ptirpose of determining 
their fitness for promotion. These examinations are inbrt^ formidable 
in diaracter; tlioy cover a greater amount of previous instruction; 
and they are designed to test the pupils' power. Because of their 
conaequehcos, 8udi testa are feared by the pupils; in many cases they 
are considered unfair, and tlio result upon the pupils is a nervous 
strain. 

The use of theee two kinds of examinations is very general, and in 
both type>^ the teacher is usually ponnitted to make out the quest ions. 
The practice of giving such examinations at the close of the year is 
decreasing. These tests are clearly given as -an aid in determining 
promotion of the pupils, and it is against this tv|x> of examination 
that considerable criticism has l>een dirw'ted on account of its effect 
upon the pupils. In these examinations, however, the teacher usu- 
ally ha.s the power to adjust the te^t to the capability of her class, and 
in reading the papers slie can allow for individual peculiarities. 

The examinatiojis given by the sii|X‘rvisor 3 ’ staff are j)riiuarilY 
considered an administrative expedient. The que.s(ions arc pn'- 
pared by the superintendent, or by a committee of principals work^ 
ing under the direction of tlie supcrintemlcnt, and they >n*e then 
used in all of the schools of the system. The teachers liave only in 
rare instances the right to add to or to change the questions lx»fore 
submitting them to their classes. The teachers mark the papers and 
then usually submit the results to their principals. These examina- 
tions are given for the purpose of setting standards of work through- 
out the systeft), interpreting the course of study, promoting uni- 
formity, discovering weak points in the teaching, and revealing the 
general conditions in the school. In a broad way they are designed 
to benefit the ptipils only indirectly, since the emphasis is placed 
upon tlie administrative advantages. The results may be u.sed occa- 
sionally in determining a pupil’s fitness for promotion, although it 
is seldcMn that failure in the examination alone would retard a pupil’s 
progress. As an administrative device these examinations are effec- 
tive. Their success depends upon the wisdom, the experience, and 
the ideals of the supervising officers. As a rule the examinations 
do not meet with ’'favor amwg the teachers, who feel that the test 
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is not so much intended for their pupils as for themselves. From 
wlmt has been said it is apparent that this is true to a larp? exten^ 
jilthough this de|.)end8 upon the supervising force. Many of tlie 
ti'iu'licrs, rcc(4^izinp the advantage's piined tlmuiph the examina- 
tions and having high professional iileals, do hot take this view, 
however, and are willing to have their work eoinpared witJi that of 
their eolleagnes. The examinations art' oppost'd also bt'catise of 
their etfect upon the pupils. It is contended that the pupils an' 
subjectwl to a severe nervous strain, so that they do not do either 
ihemst'lves or their teachers cmlit. This is ])ofttihly true to an ex- 
tent, although the evil n'sults may l>e grt'atly lessened under wise 
-njH'rvision, Another objection made to such exaininalions is that 
they ruun|H'r the teachers in their work, so that then' is little pn>gress 
fnan year to year. This again dejn'iids upon the character of the 
Mipervisioh, Anotlier objection made to such examinations is that 
fession works up to the supervising positi<nis, and this element may 
In* etmnted upon to promote rather than to hinder real progress in 
I he schools, 

REABOHB TOR 0171110 RXAlUlfATlOVS. 

Kxaniinalions have In'en ran1{*'d highly for reasons that vary* ac- 
lording to the st'hool employing them,- Some it'd that the value 
lies in the ^‘mark" obt 4 »ined by the pupil, this mark being some- 
limes Counted as one-half of the pupil’s standing and at other times 
Kninting as only a small per cent toward his rank in class or his 
read ine,ss. for promotion. Others deem that the practin' in organiz- 
ing quickly, in thinking clearly, and in stating accurately is the 
main value of examinations, a theory that tends to the use of 
monthly or biweekly examinations. Other s(*hools find the worth 
of examinations to lie not. in the benefit to tlie pupils (save indi- 
rectly), hut in the lielp given to the teacher in the opj)ortunities to 
check obje('tively her siibjective ranking of pupils and of class prog- 
res.s. In tlie latter case the examination papers may not be returned 
to the pupils, the teacher noting the errors on Which to work with 
both class and individuals. The other prominent reason for giving 
the examinations, the administrative advantages, has already been 
discussed* 

TEVDEKOT IH THE USE 07 EXAHINATI0H8, 

The present tendency in the use of examinations is to rank them 
as valuable but to let the value and the use of the papers be deter- 
mined By the aim. When the pupils are to be benefited directly by 
practice (1) in separating e^ntials from nonessentials, (2) in clari- 
fying a viewpoint through the enforced expression of it, (3) in 
learning to interpret the printed or written page independently, or 
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(4) in being tested on memory or power, then tests should be 
quent, they should be cArefully looked over by the teacher, and soon 
thereafter they should be made the basis of further instruction. 
Tests to further the first three of these ends are being given increas- 
ingly. Those tests or examinations of which the purpose is to help 
the teacher check her judgment of the pupils and tost the portions of 
subje^'t matter taught as to their relative value in giving the pupils 
ideals of and practice in perseverance, honesty, independent tlioughl 
power, etc., need pot be returned to the pupils. The teacher will 
note in this case the errors and will attempt to classify them; for 
example, as errors due to ignorance or to carelessness, those important 
or relatively unimportant, and class or individual errors. Such 
examinations are a form, and a very desirable form, of recitation. 

BTAVDAEDIZED TEBTfi. 

Another view of the question of examinations concerned itself with 
“ standardized tests.’’ An investigation by questionnaire sent to* .a 
large number of schools showed that these tests are little known or 
used. These ^tests are discqssed especially in a book, Arithmetical 
Abilities, by Dr. C. W. Stone, and published by Teachers College, 
Columbia University, ^Xew York. This book discusses certain tests 
given with extreme care in 2G school systems. The replies were care- 
fully graded, the results examined, and deductions drawn. As a 
result these same tests can be used as a standard in other systems, 
giving an opportunity to compare results with those obtained in the 
2G systems. Some schools and systems of schools have done this. 

These tests may also be used to give a somewhat definite ineans 
of Comparing system’ with system and to show the effects of changes 
in curriculum or in method of instruction, and doubtless an acquaint- 
ance with them would indicate other uses to which they could be put. 

IV. METHOD OF HTSTRUCItlON IN ARITHMETIC. 

By method of instruction in arithmetic is meant the special means 
of presenting certain knowledge of arithmetic to children in a w'ny 
which is adapted to the immaturity of their minds. Such a method 
of necessity involves consideration of the subject ma(;ter selected for 
the course, of the organization and distribution of the material, and 
finally of the manner of bringing it before the pupils. The diflSculty 
of making any general statements which shall apply to the country- 
at large is very great, for in a country with school conditions such as 
, exist in the United States there are and always must be wide varia- 
tions in all three respects. Some coiymon characteristics may bo 
pointed out as being typical of the practice iii the country; these may 
be inferred, fiiet, from the ccmtent and organization of the textbooks, 
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and, secondly, from the known practice in some of the larger or more 
progressive school systems. There are some reform tendwicies also 
to which attention should be directed. 

Certain influences aflFetting the work of all of the subjects of the 
elementary school have produced, and are producing, changes in the 
method of instruction in arithmetic. On the part of the schools them- 
selves there has been a growing regard for the ideals of psychology 
and pedagogy, and an increasing eflFort to put these ideals into prac- 
tice as these have become more clearly defined. The ideal of appeal- 
ing to the interests of the pupils, the maxim of allowing the pupils 
to learn through their own activity, the falsity of the doctrine of 
formal discipline as formerly understood, the clearer understanding 
of the processes of perception and of apperception with the resulting 
theory of developmental or inductive teaching — these and other ideals 
have led to changes in the methods of instruction from within the 
schools.* These changes have only started, however, and tbe present 
must* be regarded as a transition period. On the other hand, there 
have been other changes brought about as much if not more under 
pressure from without the school. There has been a gro\<^ing inde- 
pendence on the part of the public in the matter of educational opin- 
ion; the i;esult has been less acceptance as gospel of the statements of 
the schoolmen, more qiiestioning of the worth of each and all of the 
subjects taught, and more insistent demand that the schools endeavor 
to provide instruction which will harmonize with and prepare for the 
conditions of modem life. There is on all hands growing sympathy 
for children, as a result of which their burdens are being made lighter, . 
and, in particular, their period of school life is being looked upon 
* not so much as a period of discipline in preparation for a further life 
of unpleasant tasks, but rather as a portion of their life which they 
can and should be helped £o enjoy.' In response to this influence, 
which has met with ready reception within the schools, there has come 
a tendency to simplify the work as much as ia^ossible. 

InstnictioTl in arithmetic in the past has been dominated largely 
by a logical ideal and a disciplinary aim;* these influences can be 
observed in the subject matter, in the organization of it in the text- 
lK)oks and in the means employetl in presenting it to the pupils. The 
criterion observed in the selection of material for the course has been 
“ to what extent is this topic necessary to round out the development 
of arithmetic^ as a mathematical topic”; topics were selected fre- 
quently because. they had certain mathematical interest rather than 
because they met some actual need of the pupils in either their present 
or later life. Long lists of abstract problems of unnecessary difficulty 
and complexity were intiwduced regardless of the fact that they were 
much more involved than any met in actual practice by most i>eople. 
The concrete problems usually followed the abstract, were equally 
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I difficult, and seldom were designed to appeal to the interest of the 

[ pupils; up to within recent years the problems often involved 
matters which are entirely obsolete. This material was organieed 
topically; in the first chapter was given a treatment of notation and 
numeration which was designed to meet the complete future needs 
of the pupils, containing such numbers as billions, and beyond. 
Then followed chapters which contained the treatment of the -four 
fundamental operations for integers, and so on through the course. 
Logically this arrangement was a natural one, but psychologically it 
was open to criticism. In the presentation of the material the book 
was again permeated by the logical ideaL Processes were either given 
by a rule> followed by an illustrative example and exercises for the 
pupils, or some ab5>tract explanation of the rule was attempted. The 
former method was the more common. This was a period of direct 
instruction and of drill on the part of the teacher, with little effort to 
provide any basis of experience for the pupils upon which they 
might build their arithmetic. 

These ideals of instruction have by no means entirely passed, but 
in most of the textbooks in use now there is evidence of response to 
the influences mentioned in a former paragraph. This is a time of 
transition from the extreme of these views of the past to the more 
rational methods of the present. In the meantime the schools have 
passed throng a period in which the quest after better methods has 
led some to adopt certain well-known one-idea methods. As exam- 
ples of these may be mentioned the Grube mothod,^ with its attempted 
complete study of one number before passing on to the next, and the 
ratio method, in which the complete development of arithmetic was 
made to yield to a special mathematical form. 

Whereas in the past instruction in mathematics in tlie elementary 
grad^ has been dominated by logical ideals and a disciplinary aim, 
at the present the leading purpose is to make the instruction as useful 
in content and as pedagogical in form as the conditions of school 
work permit. In regard to its xx>ntent, remark has been made in a 
previous paragraph of the tendency to simplify the course through 
the omission of unduly complicated problems and of topics which 
have mathematical rather than general interest; with these omissions 
has come a greater insistence upon the- essentials of arithmetic and 
additional problems whose special function it is to give the pupils an 
insight into, certain' phases of the life of their .own country* The 
^thematician may f^ar that this process of elimination will result 
in a lower standard of mathematics ; the fear is groundless^ Imwever, 
for the effort to direct attention to a more complete, mastm^ of the 
fundamei^als can not fail te raise the standard of mat^matical 
eqaipmenii of the pupils. 
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Reference has been made also to the general organization of the 
material of the cour^ in a previous part of this report^ so that only 
a brief statement witf be necessary at this point The modem texts 
in most common employ a combination of the older topical 
method and of the extreme form of the spiral method. The text is 
nstmlly divided into sections which contain sufficient material for 
one-half year or one year. Within these sections the material is 
arranged topically; each section, however, reviews some or all of 
the topics contain^ in the previous sections. In this manner oppor- 
tunity for review is provided and a better gradation of the mate- 
rial is made possible. 

The remainder of this section of the report will be devoted to a 
brief statement of some of the special means employed for bringing 
the arithmetic before the pupils. 

In all schools instruction is given to groups of pupils varying in 
number from five in small communities to thirty or even more in 
some of the larger Communities; in cities the average is about 25, 
As a rule the arithmetic class meets daily for from 20 to 30 minutes, 
in a period called the class or recitation period; the pupils usually 
have another period of about the same length for study in school, 
giving a total of from 200 to 300 minutes per week for arithmetic. 
Custom in regard to home study varies; the tendency is tp cut down 
on home study in arithmetic, except possibly in the upper 
Each pupil possesses a book, which is more than a mere collection 
of problems; in faafc this book provides for many classes about all 
of the “ explanation or development that some of the pupils ever 
receive. In most cases, however, new topics are taken up in class by 
the teacher, who gives such development of the topic as seems satis- 
factory to her, after whiph the main responsibility of the pupils con- 
sists of the solution of similar problems in their study time. In the 
past it has been all too common for the class time to be occupied with 
indiscriminate recitation on this work done by the pupils in their 
study time; the present tendency is in the direction of use of this 
class period either for instruction on new topics or for vigorotis drill 
upon past and present work under the direction of the teacher. 
Another characteristic of the class period is the rather uniform prac- 
tice of devoting from one-third to one-half of the time to mental 
arithmetic, i, e., to c 9 mputations without the aid of pencil and paper. 
The function of this type of work is to produce skill in mental com- 
putation, and, secondly, to maintain and increase efficiency in the por- 
tions of the subject taught previously, by having the pupils solve 
many simple problems. 

In the actual presentation of new topics, custom varies from the 
unsatisfactory plan of direct instruction, of mere telling of the fact 
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or of the process and of drill :uj^n it until the pupils know it, to the 
desirable form of presentation in which some capable teacher con- 
sciously and successfully develops the new idea inductively. One of 
the obvious effects of the influence of psychology upon method is the 
greater insistence upon inductive^or developmental teaching. Unfor- 
tunately, th&mass of teMulicrs have an entirely inadequate idea of the 
underlying* psychology and in fact of the essentials of this general 
mode of procedure in teaching a new topic. Most of the teachers are 
impressed with the need of teaching the simple before the complex, the, 
concrete before the abstract, the special before the general ; but clear- 
cut ideas of the philosophy of the practice and of the function of the 
definite stages which are possible in inductive teaching are usually 
lacking. This may be due to the fact that all of mathematics has 
been looked upon as a deductive science and that no special effort has 
been made to impress the idea of inductive teaching; it is probably iso 
because little attention has been given to the problem of method as 
such. Progress in the direction of better understanding of the stages 
of mental development has been reflected in the more progressive 
schools in efforts to provide a teaching method in^harmony withiliis 
knowledge. 

The practice of using objective aids in presenting new topics is the 
most common result of the efforts to regard the teachings of psychol- 
ogy. The texts and the teachers endeavor to lay a foundation of ex- 
perience for the pupils upon which they can build their mathematics, 
and belief in the efficacy of objective work in accomplishing this is 
quite general. The theory behind this belief is often the crude. idea 
that objects help and that the younger children need this assistance 
more than do the older ones, with the result that objective aids have 
been used decreasingly from grade one to grade eight. The relation 
T)f objective work to inductive teaching has not always been clear; 
that the use of objects helps sometimes to present to the pupils clearly 
individual cases of some general idea which is being taught, out of 
which the pupils are to form the general idea by a process of general- 
ization — this fact is not as widely understood as would be desirable. 
The result has been a certain amount of waste in the use of objective 
aids and consequent dissatisfaction with such work. There has been 
a tendency to use' objects too much in the lower grades, and, on 
the other hand, there has been the fault of not using objects suffi- 
ciently in the upper grades. While this may seem to represent an 
inconsistent state of affairs, the explanation id easy ; the objects have 
been used to excess at times with young children and then, for the 
reason mentioned above, when new topics have been undertaken in the 
upper grades, this means oi aiding the older pupils has been neg- 
lected, with the result that the pupils have not always gotten clear 
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ideas. Th)e great desideratum at the present time is that objects 
should be used more understandingly. 

The material used in the schoolroom as objective aids is limited 
and highly artificial, consisting of tiles, pegs, splints, toothpicks, 
Squares of cardboard, etc. This material has the special advantage 
of being adapted to the conditions of schoolroom work; it is inex- 
pensive, compact, easily handled and not too attractive. Besides 
this material which can be handled, there is a growing use of geomet- 
rical figures, especially of rectangles; these can be quickly drawn, 
are easily changed and adapted to the conditions of particular prob- 
lems, are divisible, in fact, lend themselves readily to the needs of 
the situation. The use of rectangles in teaching fractions is especially 
to be' mentioned. In the selection of objects, two qualities which are 
j)nrticularly desirable, in fact, necessary in some cases, are not always 
retdized and when realized are not always readily obtainable; these 
arc the elements of naturalness and variety. The element of natural- 
ness is* probably sufficiently appreciated; in the early grades, the 
pupils themselves, the seats in the room, tlie material which is dis- 
tributed in connection with the work of all the classes, the selection 
and gi'oiiping of the pupils for their games, these are some of the 
more natural sources of material for concrete expression of the num- 
ber facts studied. Similar material for use in the upper grades is 
not always so readily obtained; of course, in connection with denom- 
inate numbers, the actual weights and measures are brought into the 
schoolrooms in the progressive schools. much as possible, the 
problem material in all of the^grades is selected from the experience 
of the pupils, and the actual conditions of some of the topics are 
reproduced in the schoolroom. For example, in teaching stocks and 
bonds, the class may resolve itself into a broker’s office, one member 
of the class acting as the broker and the rest of the class acting as 
buyers or sellers of stocks and bonds; again, the class in a lower 
grade may resolve itself 'into a store with similar distribution of 
responsibilities among the members of the class; when discussing 
commercial paper and business forms, samples are brought into the 
Classroom so that the pupils may get the feeling that there is a real 
connection between the work they are doing in the schoolroom and 
that of adults who arc engaged in the work of the world. An effort 
is made to permit the pupils to handle the material themselves. 

The other quality mentioned as desirable, namely, variety, is not 
appreciated as much as it should be. The advantage in having a 
variety of objects as a means of arousing interest is usually clear, 
but the fiecessity of variety in presenting particular cases of a gen- 
eral idea which is being developed inductively is not clearly under- 
stood. For example, in presenting the idea of tens, bundles of splints 
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containing 10 splints are often used ; the popil. soon learns to asso- 
ciate the word ten w ith one of these bundles without really under- 
standing that the bundle contains 10 splints. This difficulty 
obviated somewhat by using a variety of means of representing 10.. 
Other illustrations might be given to make the point that in objective 
teaching care must be taken to prevent too immediate association of 
the idea being taught with' any particular manner of representing 
that idea in a concrete way. 

By way of summary of this section, devoted to the discussion of 
methods of teaching arithmetic, it may he said that there has been 
great progress in establishing the principle that psychological rather 
than logical ideals should permeate the teaching of arithmetic, and 
that th^re has been some progress toward incorporating this prin- 
ciple in the actual teaching practice, in the form of objective work 
and inductive developments. 

y , TRAmmo and qualifications of teachers. 

floors Aim flointox or katskial 

Part V deals WMth the training and qualifications of teachers of 
mathematics in the elementary schools. It is based in large part on 
the report of subccmimittee No. 3 of this general committee, whose 
field of study was limited to the training of teachers for work in 
grades 1 to 6. The committee appointed to study the same problem 
for grades 7 and 8 was unable to report up to the time when this 
summary was first made. That report has since been added to 
part (b) of this general report. ^ 

OKVEBAL TEAnmrO. 

V 

In an earlier paragraph tlie statement was made that in the 
country at large over 425,000 teachers were employed in 1906, and 
that about 100,000 new teachers are employed annually. Further 
statistics show that not more than 20;000 of these can receive peda- 
gogical training annually as that is the limit of the capacity of 
professional training schools of all sorts in this country. At best, 
therefore, not more than one-fifth of the new teachers can have 
received any professional training whatever. 

Generally, even in the districtn where educational advantages are 
very meager, prospective teachers . must be high-school graduates. 
Graduation from high school implies the completion of a course 
equivalent in content to the following: Three years of Elnglish, four 
of Latin, two and one-half of mathematics, two of science, t^o of 
history, and two years of additional subjects. In addition to this^ 
scholastic training the prospective teacher must attend a normal 
training school within the limits mentioned. In some States a 


GEXERAL SLSBCBNTA&Y BOHOOLS. 


4S 


minimum length of tune must be spent in such school. In most of 
the cities, in which, ms has been said, more than one-half of the popu- 
lation is gathered, this normal training and even previous experience 
is absolutely insisted upon. It might be said at this pK)int that many 
of the best teachers in the schools owe most of their training to the 
hard^Akpl of experience, especially hard when that experience con- 
sists ^HPhsice in one of the rural schools discussed in chapter one. 
It inayiuso be said that the larger citie^seek recruits for their teach- 
ing# staff very commonly from the graduates of this same school of 
experience. 

^ TEAnmro xv tkk hoexal bohool. 

The training in a normal school usually consists of general peda- 
gogical theory, some special training in the methods of the different 
subjects including mathematics, some academic study of the subjects, 
such as algebra in mathematics, some observation of teachftig, usually 
in all subjects, and more or less practice teaching. 

From .a study of the practice of the normal schools the following . 
points of variability seem existefnt: 

1. Method of teaching enters into “methods" courses from the 
extreme of being merely incidental to the other of occupying full 
time and attention. 

2. Current literature on the teaching of mathematics is sometimes 
used extensively and sometimes not used at alf 

Similarly with consideration of games and recreational devices 
in arithmetic; sometimes they are considered, and again not. 

4. The course of study for the whole curriculum is sometimes not 
studied and is sometimes carefully analyzed. 

5. The history of th^ development and. of the teaching of mathe- 
matics is given similar varying emphasis. 

EEOOmCKVEATZOHB TOR A TEACEnTG 00UR8E. 

1. A foundation in subject matter as a basis for the professional 
study of mathematics should include a minimum of one-half year of 
high-school arithmetic, one year of algebra, and one year of geometry. 

2. Exclusi^o of all courses in pi^chology, pedagogy, principles of 
teaching, general method, and history of education, a minimum of 
one-half year of the professional study of arithmetic should be re- 
quired to include the following: 

A. The teaching of elem^tary mathematics— “ Special Method.” 
(a) The special pedagogy of arithmetic. 

1. The more elementary phases of the psychology of num- 

ber. 

2. Principles of general method applied to teaching arith- 

metic. 
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s 8. Educational values of arithmetic and tlie place of arith- 
metic in the general educational scheme. 

* (6) The organization of the general elementarj^ school cur- 

riculum in arithmetic. 

(c) Organization of typical units of subject matter for i)ro- 
sentation to appropriate grades. 

(i/) Development and writing of typical plans for teaching. 

(e) The utilization of local and general economit* studies for 
nianber applications. 

(/) Observation and discussion of typical lessons in the grades 
showing concrete applications of the princii)les devel- 
oped. 

(^) The place of games ^nd other recreational devices in 
grade number w^ork. 

B. The historical development of the teaching of arithmetic, 
and the place and value of certain methods,*’ such as 
those of Pestalozzi and Orube. 

3. That every school engaged in the prepanition of teachers of 
mathematics should develop a inuseunj of materials, aj^paratus, books, 
pamphlets,* papers, which will aid in interpreting such - features as 
the historic development of the subject, the present-day practice, and 
the nature of the textbooks. 

4. That the head of department of mathematias should he largely 
responsible for the organization of the course of study in mathematics 
in the training school, in cooperation with the department of educa- 
tion and the supervisor of the training school. 

5. That the head of the department of mathenjatics should aid 
in the supervision of the teaching of mathematics in the training 
school. 

6. That the head of the department of mathematics, as well as 

the critic teacher, should give demonstration lessons in tlie training 
school, illustrating the principles of teaching, developed in the 
methods class. ^ 

7. That the points of emphasis in all observations, discussions, 
written plans, and criticisms should be upon the basis of fundamental 
principles rather than upon devices or petty details. 


It is almost certain that much that has been given in this report 
will be intelligible only if interpreted. Since the main interest will 
probably center on the curriculum itself and upon the teacliing 
helps given to the teachers and recommended for their use, it seems 


VI. TYPICAL COURSES OF STUDY. 
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worth while to include in this report two typical courses of study. 
The first is the course of study recently issued for the guidance of the' 
teacher of the rural schools of one of our States, but generally con- 
sidered too difficult in the first two years. The second course has 
rt'contly been prepared for the schools of one of our cities. 

A STATE COURSE OF STUDY.* 

srf’.OEStlONS. 

The work In arithmetic ahould, first of all. produce accuracy and rapidity 
in (‘omputation. Accuracy can be assured only by holding the pupil to exactly 
.correct results from the beginning. I'uplls should held to correct resullb 
nnd made to detect and correct even the slightest error. 

Rapidity of compulation caq be secured only through much practice and drill. 
Throughout the first three years of the work the entire lime In the subject 
should he given to securing this accurate and rapid work In the fundamental 
oi)eratlons. 

While drill In the facts of number during the early grades should be largely 
la the abstract, with few if any problems. It Is suggested that sonto concrete 
work in those combinations be given. Illustration; 6 dollars and 4 dollars 
are how many dollars? 


First Year. 

(FIE8T HALF.) 

Count numbers to 100. Read numliers to 100, Write numbers to 100. 
Memorize the 20 of the 4.'> combinations In addltlou, the sum of which does 
not exceed 0. 

Give plenty of oral drill together with seat work and blackboard work like 
the following ; 

253427 21232376126 

422441 686234237 3 2 


and have pupils get correct results by copying, where* necessary, the results 
from the couibluatlonK placed upon the blackboard. This work together with 
oral drill and tests will In a short tlnje fix these combinations In mind without 
the use of objects and the consequent formation of the pernicious habit of 
counting the fingers In adding. 

From the first, drill In these combinations should he given In such manner as 
to pre[)ure for subtraction as well as addition. 

Illuatration, 

Teacher — Five-four? 

Nine. 

Teac/ter— Five and what are nine? 

PttpiZ — Five and four are nine. 

Teacher — Four and what are nine? 

Pupil — Four and^ve are nine. 

* Prepared by the Education Department of New York State. As here given the course 
is somewhat abridged. 
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Wbm the combinatJoiiB «re learned In tUle manner, the work In wibtraotton, 
If taught hy the Aoatrlaii method (aomeUmee called the addition method), 
la learned at the aame time aa addition. 

lUusfnition. 

8 7 6 8 0 
— 4 2 a 1 0 


Method. 

8 and 3 are 0. 

1 and 2 are 3. 

S and 3 are B. 

• 2 and f> are 7. 

, 4 and -1 art' 8. 

At the close of the first half year pupils should be able to‘ count, read, and 
write numbers to 100. They should know the 20 combinations, the sum of 
which does not exceed 9 and their use In addition. 

Objects should be used only for consecutive counting and developing the idea 
of number in the abstract. Child ren Bhoiiki never be taught to count two 
groups of objects to find the sum. This gives the Idea tluit addition is count 
Ing, which is a serious hindrance to accuracy and rapidity In work. Nothing 
has done more injury in number work than the too long continued and inju- 
dicious use of objects lu Its teaching. 

HFXX)ND HAI.F. 

Continued drill in addition and subtraction with the 20 combinations leanuMl 
in the first half. 

Count to 100 by twos, by fives, by tens. 

Drill in a dd i n g oolumns of figures on board and cards arranged for this pur- 
pose. the sum not to exceed nine. 

Memorise the remaining 25 combinations in addition. 

Give oral drill, seat, and blackboard work in plenty with examples like the 
following : ' ' 

*6846324 SB 0345 

*4 886078 1 24588 


Children are here taught to carry In addition. 

Method. Teach the very beet model. Insist upou Its exact Imitation and much 
repetition and drill. Make no attempt to explain the process. This is the 
time to teach the art of computation, not the science of numbers. 

Second Year. 

(first half.) 

Continued drill in the use of the 45 combinations in addition aud subtraclfoii. 
Drill on series work fh addition. 

IllUHtratiOii, 

2 12 22 32 42 52 
5 5 5 5 5 5 
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CoutiDue (IHU by counting by twos, Uireea, fours, Area. 

lUustratiofu 

f\»unt to 50 by twos beginning with 0. l)eginn!ng with one. 

('onut to 50 by thnn^, beginning with 0. iH^innlng with 1, beginning with 2. 
r<t»nit (o .Vt i>y fours, iM'glnnliig with 0. begiimlug with 1, iK^giunlug with 2, 
beginning with .'t. etc, 

Uiill in subtraction — Axistrhui lueihod. 

Wustratiou. 

12:V) 0 nml 0 are ISi 
— 9 ami I are 13. 


449 S and 4 ^nre 12. 

The <Mitire time of this Unlf year should l»e given to use and <Irill of the fa» ts 
of nunibor leariKHl us here sisvithHl. Hy the elow' of the ii<^rlt>d simi»le mim- 
in^rs will he addtMi ami stibinuitHl with m.\nraey and facility and much j>ix>grcMa 
made In the addition of c\)lmuus of flg\ii%R. 

BECXINU u.vi.K. 

Notation and numeration of numbers ilirongh tlrst tlirtv jx^ritsls. 

('oMtInnetl drill in addition ami subtraction, esitiHiiflly In the addition of 
eolnnms. 

Memorize tbe 45 combinations in mnltli»lii‘ation; 

Teach these comI>iimt loirs so llmt urejm ration is given for division at the 
same time that mnltipllcntion is laing taught, that Is, have the itu])!! nnswer 
the (inestlons, how' many sixes In 24 and how many fours in 24 as well as to 
state that 4 times fl ore 24. 

Give mueh oral drill, seat work, ami lumrd work of the following eharacter: 
3 2 0 4 5 3 8 0 2 4 6 2 0 3 0 4 0 5 O (t 0 

o 3 2 3 15 0 


Teach the jinvess of carrying in miiltlitlicatlon. 
(1) A gtKHl model. (2) Imitation of the nuMlel. 
No explanation. 

Third Year. 


(3 ) Itcpet it ion, iliill. (4) 


FIRST HALF. * 

Continue drill In counting, Count by fives to 100, beginning with 0, beginning 
with 1. beginning with 2, beginning with 3, beginning with 4. Count by slxerc 
lieginnlng with each of the numbers from 0 to 5, Inciusive. 

Short division with 2, 3, 4. 5, 6, 7, 8, and 9 us divisors. Give thorough and 
systematic oral drill us u preparation for this work. Before asking a chiki to 
use 2 as a divisor, he should be able to tell instantly how many times. wlUi 
remainder, 2 la contained in every number to 20. When 3 Is' used as a divisor, 
a similar drill should be given in numbers to 30, with 4 to 40. with 5 to 60. 
with 0 to 00, with 7 to 70, with 8 to 80, with 9 to* 90. 

Multiplication with two or more figures in the multiplier. 

Definitions of terms used in fundamental oiHratlons. Addend, sum, minuend, 
Hubtruhend, remainder, multiplicand, multiplier, product, dividend, divisor, 
quotient. 

Coutluue drill of all prevloua work. 

. 1442*-11 1 
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MeaBureB— nrenR of simple figures with use of ruler oorrelstlug with (Irawhi^. 
IMmenHloiiH U8«1 luch niMl foot. Square luch and squaro foot, and the fractions 
I and i ns applied In the use of the linear uult used lu meeBurlng. 


REIX)ND HAU^. 


N 


I>onp division. Never allow ii elill<l to tun* lonjc division when the illvlnor l< 
a Hlngle tl>:»re 

MnUlplIettilon tohU's of the lens, elevens, ami twehes iiml their list* us <llvis4us 
In abort iliwsion. 

I^'gln long dlvlaion with i*ftsy dlvlaon* of two figuroK l{t‘iiiemlM*r tluit ,‘U. -ll. 
M, 111, 71. M. iiml lU are easier djvlaors Ihnn 14. 1.". Id. 17. IS. ntul IP. 27, oT. 
58, 70, etc. 

(live much oral drill and written work for accuracy and rapidity lii all of tlie 
'mulamentul oiM»ratli>na. 

'I\*Rla for dlvlRiihility ot numbers l>y 2. .1, 5. P, lo. 

l*)<'flnltlon of factor, prime factor. Memorlie prime factors up to 25 (1, 2. 
S. 5. 7/n. 13, 17. IP, 23). 

Oral drill In flmllng prime factors to 100. 

Cmitlnuo njoasiiremeut of objects In schoolroom for surface nirtisurement. 
Additional measure: The lliu'ar yaril. I/carn liquid measure of pitu. quart, 
gallon. 

At ,the ch^sc' of this year’s work tbe ptqdls should he able to add. subtrai-i, 
multiply, and divlile mnnl>ers with accuracy and fnclllty. 

Fourth Ykar. 


FIRST IIAU-'. 


Writing, and rending of numbers expr(^sslng dollars 
The use of this knowlo<lgo In problem work deinamls Its lntr(»«lur 


Itoinnn numerals I to C and by hmulr<Mls to M. 

T'nlttMl States money, 
and cents, 
tion at this time. 

Simple problems, oral and written, connecttnl with daily life. Origitial^ 
problem work by the chibirtm. Pr(4)lems In bills and acconnls. es|HM lally where 
one of the factors Is 12 or le»^ the extension of the prrnlucts making up the 
sum to Ih^ done mentally. 

Teach eancellatiun. Have all problems stated before being worked. Use can 
relation whenever imsslble In the solution of these statements, ^ 

I>ry measure; Pint, quart, i>eck, bushel. Problems In reduction only. 

Simple fractions and equivalents. I>evelop objectively. Also teach Idea that 
a fraction Is an Indicated division wdth the dividend above the Hue and the 
divisor below It. 

Fix *the principles: (1) Multiplying the numerator or dividing the denonib 
nator of a fraction by any number, multiplies the fraction by that number. 
(2) Dividing the numerator or multiplying the denominator of n fraction by 
any number divides the fraction by that number. (3) Multiplying or dividing 
lM>th numerator and denominator by the same number does not change the value 
of the fraction. 

Continue drill throughout the year In the fundamental oi>eratIon8. Facility 
In these operations ^mands that this work be continued dhlly throughout the 
entire course. 

Changing fractions to equivalent fractions of higher audilower demonlna- 
tlons. , 
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(JIvo imich oral drill In rhniifflnjf fmctUma to equivalent fractiona of lilglu^r < 
ami lower denominatlouK and In reiltuMng them to a common denoniluulor. 
Penoniinatora of these fractions ahoiild not exi'eetl 24. 

Make little use of doitoniinators V,\, 17. \\K 1?,>. and Ih>. 

Addition and mihtractlon of frartiona, the demanlnators of which do not 
t'ontHtn inon* than two flgurew. 

HUONh iiakk. 

Addition and Rubtractlon of niixpil mimlH^ra Involving fmctlona alnMtdy nK4Hl 
1)1 the inanner hen* indlcatiHl. (Mlxisl nninherH should never lu* rtNlne«‘d to Im- 
i ruix'r fractions lu addition and Huhtnicllou. ) 

lA*;iHt eoinnion mtilllide of umntx'rs to 100 and applUittloM In nHlnclng fmo- 
tloiis to u (.‘ttinuion denoininator. t inethoil of faclot lng in wination form,) 

-ifi -■ :> X X .T r* X 2 X :t X 3 - l, r. m. 

:to - 2 X a X ri r> x a - i;/r. i>. 

Mult ipllcut ion of— 

1. A fraction hy an lntegi*r. 

2. An Integer hy a fraction, 

X A fraction by a fraction. Vw* caiuvllatloit In all caH*« wliere jHXWible. 

^ Written work in pr»v(Hling ahuuld he priH'iHU*d hy much oral drill with 

Kimple miintH*rH. 

l)i\islon of — 

1. A fraction by an Integer. 

2. An Integer hy a fraction. 

3. A fraction by a fraction Vse cam'<*naiton whenever iKisalhle. 

Hav(* the written work ]»re<-4fti'<i hy inncli oral drill, as in nmit tptlcat ton of 
fractloUH. 

rontimie the solnthm of probleniB involving the priiiciples aud priKt*sm*a 
learmnl iu all prevloua w*ork. 

Pr«t!)Iems to in* stall'd iM'fore being solveil. Incinding oral analysis. 

Cubic measure. Volume Involving cubic Inches, cubic feel, aud cuitic yards. 

rimi Vk.vk. 
urst n.vi.K. 

Heading and writing of deoiiimls. 

Itednctimi of common fractions to decimal fractions and decimal fractioim 
to I'ouimon fractions. 

Kutidomental oi>erationB In decimal fractions. (The Austrian method of 
placing the decimal point In division Is rei’ommonded.) 

Memorize the aliquot iwirls of $l or of $100. 

Hevlew tables of linear measure, square meaBure. aud cubic measure. 

Alemorize number of cubic inches in a huBhel and In a liquid gallon 

Hoduction ascending and dewi'endlng as applied to tbeae tAhles. 

Application of square measure to finding area of squares, triangles, nv- 
tiingles. and to problems In painting, carpeting, and plastering. 

Application of cubic measure to finding volume of rectangular solids, the 
capacity of bins and cisterns, cost of masonry. 

(Teach accurate capacity by using 21S0.42 cubic Inches In a bushel: also 
approximate capacity by using one bushel equal to J cubic feet. In liquid 
measure use 231 cubic Inches to gallon, also 7i gallons = 1 cubic foot.) 
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SSOOin> HALF. ^ 

I 

^ Memortee tables of avoirdupois weighty dry measure* liquid measure, English 
money, time, and circular measure. Also learri number of pounds In a bushel 
of potatoes, wheat, com. barley, oats, barrel of flour, and apply In the solution 
of problems. Also learn value of franc, pound, and mark In United States 
money. 

Reduction ascending and descending as applied to these tablea 
Other tables lu denominate number besides those memorized may be used 
in problems, but pupils should be allowed to refer to books for facts used. 

, Problems In the form of bills and accounts continued. 

Sixth Year. 

FIRST HALF. 

Review the work of fractions, with special emphasis on the three qm^tlous: 

1. To find a fracticmal part of a number. 

2. To find whut fractional part one number Is of another. 

3. Given a fractional part of a number and Its relation to the whole, to find 
the whole. 

Illustration; f of 35= ? What fractional part of 35 Is 21? 21 Is g of what 
number? 

Review denominate numbers and drill on Industrial problems demanding their 
use. 

Fundamental operations In i»ercentage: .. ' 

1. Any per cent of any number. Aliquot per cents. Use the term i>er cent 

Interchangeably with hundredths. I^m thoroughly the aHquot parts 
of a unit and use Interchangeably with hundredths and i>er cent, (See 
table given In first half of fifth year.) 

2. The per cent one number "is of another. 

3. One number is a given per cent of what number? 

Applications to problems. 

SECOND HALF. 

1. Profit and loss. Including (o) marking goods; (6) trade discount; (c) 

cash discount 

2. Commlsslon^uslug only practical and common probl^a 
8. Simple interest 

(а) To find interest on any sum of mpn^y for a given time at a given 

rate. 

(б) The making of promissory notes and the computing of Interest 

thereon. ^ 

(c) Problems In Interest when three of the elements of P. R, T, and I are 
given to find the fourth. 

4. The simple equation and the use of the unknown quantity a? can be 

profitably used In the solution of some problems. 

M * 

Seventh Year. 

Pupils who have cqfipleted the .work of the six preceding grades should be 
able (1) to read raeKmably large nnmbera at Bight abd to write numbers rapidly 
from dictation; (2) to add problema 6 flgures wide and 20 numbers deep ac- 
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curately nt a ftilr rate of speed, !.■«., In about two minutes; (8) to perform all 
fundamental proceases In arithmetic rapidly and accurately; (4) to reason 
quickly and explain simple problems; (6) to handle ordinary fractions — com- 
mon and decimal— without hesitation; and (6) to comprehwad the fundamwiUl 
principles of percentage and their applications. 

At the end of the seventh year any one of the following courses may be pur- 
sue<l: (1) To follow syllabus In algebra for the eighth grade; (2) to give a 
part of the time to arithmetic and a part to algebra; (3) to give the entire 
time to arithmetic. 

If the study of arithmetic Is to stop with the end of the seventh year It will 
be advisable to follow the syllabus for this year and to Include such topics of 
the eighth year, I. e„ stocks and bonds, insurance and taxes, as are deemed 
iiwressary to round out the subject 

If the arithmetic Is to continue through the first half of the eighth year, 
leaving th^ other half free for algebra. It will be necessary to select tho^ topics 
In arithmetic which are considered essential to the laying of a proper founda- 
tion for the study of advanced arithmetic. Under this condition It will be 
necessary to eliminate some topics In the eighth grade algebra. 

If arithmetic Is to be given In both the seventh and eighth years It will be 
IK)S8ible to Insure greater efficiency along Industrial and commercial lines 
through reviewing, drllMpg on, emphasizing, and enlarging ur>on those processes 
and applications which are considered the essentials. Without attempting to 
follow the syllabus It Is iwsslble to Introduce some algebra In the solution of 
problems In mensuration and Interest by means of the simple equation and the 
use of the unknown quantity a?. 

Give plenty of oral drill in getting approximate results. This will tend to 
reduce error In computation. In buslneew It Is cu^omary to apply some kind 
of a check to every result obtained. No good mechanic or business man would 
think of letting his. results stand without some checking. Pupils should 
acquire the verification habit. 

Mental arithmetic should occupy a large share of the time. Never allow 
pupils to use pencil If, In your Judgment, the result should be obtained 
mentally. 

In general, papers should be morke<l, as they are In business, largely by the 
m*cnnu*y of the result. If the result Is wrong the pai>er Is wrong. If the 
problem nHpilres some Interpretation a teacher may quite properly mark both 
for accuracy and for method. 

Teachers should endeavor to get outside of the book and to have a large 
ninount of drill material ready for each ^exercise. Use the mimeograph, or 
sonie other duplicating machine In the preparation of lessons. Teachers shm\Jd. 
If iK>88lble, learn the business methods used by a mason, carpenter, paper 
hanger, pointer, architect, banker, etc. Original problems can be obtained 
from these men and pupils may be sent to them to verify their own methods. 
The problems should be r^al If they pretend to be so.- They should relate 
when possible, to the child’s dally environment aftd to his other school work. 
They should be concerned with the school shop, drawing, and laboratory work. 
They should touch the questions of the supply of food, clothing, and shelter 
as related to our farms, shops, transportation faculties, to typical Industries, 
and distributing centers. 

Visits to the shoiw of craftsmen and trips to factories, banks, and business 
houses will clear up In the minds of the pupils the technical points Involved In 
such problems and will add new Interest to the work. The dally activities of 
our people must be drawn upon to make the arithmetic Interesting, Informa- 
tional, and practical. 
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' FteST HALF. 

1, Continue application of percentage — 

(a) Interest, Including commercial pitper; (1) Six per cent method and 
short methods based upon It; (2) bank discount; (3) (^m(K>und In- 
terest as applied to savings-bank accounts. Cse tables In coin|>ound 
interest. The o|>eratIone of deik)8itlng money, drawing chei'ks, and 
tignring interest should become as real as the school can make them. 

(&) rrobleuis should t>e many but simple. Many should be oral. In 
many cases discuss the solution without requiring auy actual com- 
putation. Drill on%iving approximate results. 

2. Ratio and simple pro]>oftion. 

Ratio has some use ni«rt from being an introduction to proportion. Fer- 
tUlxers, metals, and liquids are mixed in given ratios. Proportion may be 
merely one method of writing simple equation. The relation of numbers ex- 
pressed as ratios should bo shown and simple problems involving proiK)rtioii 
should be given. The use of the equation and the unknown quantity x should 
be used. 

3, Powers and roots — » 

<a) Memorise squares of numbers to 26. Oral drill in their use. 

(b) Square root and Its applications in determining dlmeuslons from 
areas of squares. Also Its use as ap])lied to the right triangle. 
Square root Is necessary for the piiri) 08 e 8 of mensuration. However, 
its study has more value in training for reasoning than in its prac- 
tical use. since iimuy who use it employ tahies. Pupils can compre- 
hend it by the use of the diagram or by the formula. 

4. Many miscellaneous and review problems should Ik* given. The use of 

the equation and the unknown quantity should be used, whenever con- 
venient. In their solution, 

SECOND HALF. 

1. Review the following tables until the pupils use them readily ip their 

work. In the review of the tables of measnn^s some attention might be 
given to the origin of such measures ns yard, foot. Inch, quart, acre, etc. 
In this way the pupil will find the work taking on new interest. 
(1) Measure of length, (a) linear; (2) measure of area, (a) square; 

(3) measure of contents and capacity, (a) cubic, (6) dry. and (r) lltpild; 

(4) measure of weight, (a) avoirdupois; (6) measure of quantity, (a) tm- 

per; (0) other tiibles, (a) circular, (6) time; (7) money, (a) Unit(*d 
Rtates, (b) Kngjleh. * * 

2. Review of, and drill in mensuration, using practical problems involving sur- 

faces of (1) parallelogrum, (2) rectangle, (,3) triangle, (4) circle, (.'i) 
trapexold and contents of such solids as (o) cube, (6) s]>here. (c) cylin- 
der, (d) pyramid, (c) cone, 

Rtrict geomett%!al demonstrations can not be given, but enough objective 
work can be offered to make the matter clear, 

8. Begin by using problems all ot which require the use of the same table and 
then drill on ;nlxed problems, making them practical and real ns far as 
possible, Teachers are advised that it is of little value for the pupil to 
memorize tables that are not to be use<! In practical life, or to commit to 
memory numerous equivalents that are readily found in the textbook when 
needed. ^ 
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Eighth Yiab. 

F1E6T HALF. 

1, Riipid calculation work. 

Ill tbis drill inchide dally speed exercises. Set a reasonable time limit and 
bold tbe class ui) to It. This will fit the pui»lls for itressure work which is 
bound to come in business life. It may Include practice in the following: 

(a) Addition until pupils can add at the rate of from 75 to 100 figures per 

minute. Vse group method. 

Horizontal addition should be practiced. H^xample: 10 pieces of cloth— 
38. 82. 01, 40. 53. 07. 84, 75. 05, 00=070, at 50c=$335. 

(b) Multiplication, wh^n multiplier Is 11, 22, 33, 44, etc. Example: 802X 

11=2 as unit figure: (0+2=11) 1 as tens; (8+0+1 ctirritHi = 8) 

8 MS hundreds; (8+1 carrletl=0) 9 as thousands: final result 0812. 
Examine: 590X22=13112. Same as prec*eding iiroceas except that 
each addition is multiplied by two before earrietl figure Is added.' 

(c) Cost of articles sold by ton of 2000 iK>unds. Example: 8042 i>ouuds at 

$25,50 per tou=$8.042X ( % of $25.50) =$114,01. r . 

((/) Interest i>ractlce. short method given above. Only a few practical short 
methods should be given. This work will help to sustain interest and 
develop rapid thinking jx)wer of concentrated effort. 

•J. Business forms. 

Some drills should be given In making such forms as the following: (a) In- 
volrea or bills; (b) statements; (c) account sai^— In commission. 

It Is not exi)ec‘ttMl that the pupil will be taught an elaborate form of book- 
ki*ei)ing: but everyone should know how to keep slmide accounts. These can 
easily relate to the Income and exiwndlturos of daily life in the home and on the 
farm. 

SECOND HALF. 

Stocks and bonds: 

Pupils should know what a coriwratlon is. Its chief ofllclals, Its orgnnlxaton, 
Its sttH'kH or bonds, and Its metluKls of declaring and paying dividends. 

(«) Cost of a given number of shnn^n at u given market value. 

(b) Nnml>er of shares or bonds that can be bought for a fix(Ml sum. ^ 

(r) Kate of Income on an Investment In stocks or bonds. 

Insurance: 

Insurance, fire, life, and accident. Is an important factor in our life, and yet 
the tK'hnlcalities lu various tyi>eH of ikiHcW especially those of life Insurance, 
are so difficult of comiirehenslon that the sch(X)l can hoiH* to do .no more than 
to give a general comeidion of the work of the various kinds of cmn|*anieB and 
to confine the problems to the simplest practical cases that the peoide need to 
know about. * 

Taxation : 

The subject of taxation has a close relationship to civics, and when com- 
hined with it has a real Interest to the pupils. It should be treated from the 
standpoint of local conditions. 

Algebraic notation: 

Algebra has some Place In this grade, especially for the boys In the Industrial 
course. Simple' formulas are now quite common In the various mechanical 
trade papers. Many of these boys will have us4 for various toechanlcs’ pocket 
tables, which Involve the elementary operations and linear equations. ^Em* 

' The committee docs not feci called upon to comment upon auch features as this. It 
must say, however, that tht carrying of this work beyond 1 1 Is not warranty. 
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pbafUa' should be laid upon the study of formulas, so that the simple algebraic 
eipresslons of the trade Journals and mechanics* handbooks may be read 
easily. 

RKLATIOI7 TO MANUAL ARTS, HOU8£U0L[> ARTS, AND AURI CULTURE. 

Those schools that offer Instruction In household and manual arts nml 
agrlcufture ha\*e an excellent opportunity to relate this Instruction to the book- 
work. A series of problems vitally relating to cooking, sewing, woodworking, 
uiecbaulcal drawing, and farming may be worked out. Such problems will not 
only touch the school life of the pupils but also the home life. 

The suggestive outlines showing this relationship are not limited to a single 
year; neither are they necessarily entirely taught by the teticher of arlthihetlc. 
They furnish a splendid field for cooperative effort between the special teachers 
and the room touchers. Each might well know, what the other is doing, and 
attempt to fix In the pupil’s mind the applications of arithmetic to school and 
./ home life. 

Portions of these outlines are common to the needs of both sexes. Certainly 
both should have a knowledge of home accounting. However, the division of 
hand activities into home-making courses for girls and manual training and 
agricultural courses for boys me*! us that the most effective correlation will he 
brought about by a differentiation of the arithmetic according to sex and occu- 
pational interests. 


OUTLINE RELATINU TO HOUSEHOLD ARTS. 

1. Simple domestic bookkeeping. Including daily, monthly, and yearly siu>- 
plles for the kitchen. 

2. Calcuirtlon of the prices of foods bought In large or in small quantities 
as related to the cost of meals for the home. 

3. Study of the simple measurements as needed in the household. Including 
measurements of materials used In food and clothing. 

4. Cost of furnishing a kitchen, laundry, dining room, living room, and bed- 
room, with the expense of renovating and maintaining them. 

5. Uelative cost of different systems of heating and lighting; reading a gas 
meter. 

0. (.JenernI qnoHtlons of niaintennnce of the home, Including rent, water, 
ftixes, Insurance, and Interest on the mortgage. 

* , OUTLINK RELATING TO MANUAL ARTS. 

1. Adding the detailed dimensions on the school sketches and drawings for 

the “overall” dimensions. • 

, 2. Figuring the cost of the materials used In the* article made. Including the 

'lumber, screws, stain, and varnish. 

3. Working out a more elaborate cost slip of the object made; 1. e., reckon- 
ing the compensation for labor, the cost of |)ower, the Interest on the money 
invested In the school shop, etc., ns well as the bill for materials, 

4. Making out a bill for the general lumber supply of the school, using the 
actual market piice& 

B. Laying out of simple geometrical forms In wood ; I. e., hecxagonal taboret 

calling attention to the value In degrees of the angles. 

6. Proportion as applied to the speed of -the wood-turning lathe, taking the 
speed of the motor as a basis. 


General elementary schools. 
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OUTLINE RELATING TO AQBI9VLTURB. 

1. Actual measuremenie by the claBs of small plots of land, calculating their 
area. Measurements of walls, feueee, and calculating their cost 

Z Measurements of aud calculating the capacity of tanks, clstema, watering 
troughs, silos, storage bins, and barrels. Data may be obtained from the home 
(Hiulpuieut 

Special computation suited to farm practice such as income from dairy 
cows, feed rations, farm labor. 

4. Business forms, such as Inventories, time books, stock accounts, cash ac^ 
counts, notes, receipts. 

n. Application of |)erceutage in stndy of soil composition, ratio and propor- 
tion in relation to nnluial feeds, practice In estimating amount of material for 
such spraying; I. e., emulsions, ^poisons, nud fungicides. 

(». List of materia is showing c*ost of such farm bnlidlngs as bouse, bam, poul- 
try bouse, corucrib. 

A^ITT OOXntSE OF BTUDT.^ 

Qbade 1. . 

SECOND HALF TEAS. 

Numbers through 10; counting forward and backward; relative values of 
numbers which make lo; wrltlug the names of numbers In words aud figures. 

Grade 2. 

FIRST HALF YEAR. 

All the work of this grade should be objective. 

Counting by tens, fives and ones to 100; relative values of numbers within 100. 

Nuiubers tiiroiigh 20: counting by twos, fours and fives, (punting backward 
by ortes, J. i, and i of numbers from 1 to 20, Inclusive, whlclTigive an Integer 
as result. 

Measures ustnl— Inch and foot. 

SECOND HALF YEAR. 

Addition and suldractlon of numbers through 14; multiplication and division 
through 20; writing numbers through 100; |, and i of numbers from 1 to 20, 

giving an Integer as result. Addition of single columns, using the combinations 
ieanied. 

Measures used; Inch, foot, square Inch, square foot, pint, quart. 

Review very thoroughly the work of the first half year. Teach addition and 
subtraction of numbers through 14: multiplication and division through 20. 
Tench signs for all processesj using the terms and, less, times, contains, and 
tquals. 

Simple concrete problems should' be given, using the combinations learned. 
The order of presentation should be: 1. Objects, In learning comblnauuojB. 
2. Concrete examples (oral) with objects present. 3. Representation com- 
binations by figures. 4. HecalHng combinations without objects; thorough 
memorizing of results. 5. Concrete problems without the use of objectai These 
problems should be very simple nnd bns^ upon the child’s experience. Very 
little written work should be required and the result should be stated in a 
sentence without any attempt to show the process. Readiness In finding the 

• ' Prepared for the schoola of Indianapolis, Ind. The coarse os hers glren is necessarllj 
mncb abridged. 
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result of the combination of any two numbem Is to be considered of first im- 
portance in tbia ^rade, because this knowledge muet be at command in all 
succeeding stages of advancement The addition of short columns, using only 
the comblnatlonB learned, gives additional practice; It is an excellent method 
for review. 

Obadr 3. 

FIRST HALF YEAR. 

Addition and substmction of numbers through twenty: multlplicntion nnd 
division tables through fours; abstract addition, two columns; writing of num- 
bers through one thousand; Roman notation through one hundred. Fractions. 
h h and i 

Measures used: Inch) foot, square inch, pint, qimrt|> gallon. 

SECOND HALF YF.AB. 

Addition nnd subtraction by "endings” through 2+0. The four fiinda- 
mental processes — multiplication*and division tables through fives. 'Multiplica- 
tion and division of abstract numbers through thousands; use 2, 3. 4. and 0 us 
divisors. Addition and subtraction of United States money. Writing numbers 
through ten thousand. Roman notation through one hundred. 

Application of fundamental processes to simple concrete problems of one step. 

Measures used: Inch, foot, yard, square Inch; i>int, quart, gallon: innk. 
bushel; second, minute, hour, day, week, month, year. Use actual measures. 
In connection- with the units of time, call attention to the method of telling the 
time ofi day by the' clock. 

Gbadb 4. 

FipST HALF YEAR. 

Addition and subtraction by "endings” through 4+9. Multiplication nnd 
division tables through nines. Multiplication of abstract numbers by two 
digits. Short division, using for divisors nil numbers below 10. Addition, sub 
traction, and multiplication of United States money. Writing numbers tlirougli 
millions. » 

Fractions i, i. and + Aliquot parts, i. i, J. i, and tV, ns .*.pplie<l to 100 only. 

Measures ns in Grade 3. and In addition, the ounce and i>oimd. Use actual 
measures. 

SECOND HALF YKAB. 

Addition and subtraction by "endings" through 0+9. Multiplication by 
three figures. Ixing division. United States money, addition, subtraction, 
multiplication, and division. 

Fractions, and i. 

Pupils of this grade should become accurate and skillful in addition and 
subtraction of Integers. Begin the work of the term by making sure that 
pupils can add and subtract by endings unfailingly. Subtraction by endings Is 
. especially likely to be neglected. Require pupils always to check their addition 
by adding the columns in reverse order.. Similarly subtraction should be 
checked by the reverse process of aMitlon. Thus 13 — 9 = 4, is checked by 
the process 9 + 4 = 13. Do not iRow pupils to Indicate "borrowing” by 
changing the digits In the minuend. 
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At tbe beginning of the term, make sure that every pupil has mastered the 
miiltliillnition combinations through the tables of twelve — not only when given 
in serial order (9X3, 9X4, 9X5, etc.). i>ut when selected at random (9X4, 
7X9, rJXll. etc,). , 

t’se uiiiltipIIerB of not more than three figures in thi^grade, Introdtice z^ro 
into the uitfitiplter often, as it is troublesome. 

rnpits should always check multiplication by going over the work <‘areful)y, 
lidding tbe imrtial pnalucta In the order reverse to the first additioiu 
It should be remembered that pupils will fail In the long division process 
as long ns they liave not mastered imiltipliciitlon and subtraction. 

Puidis should always check long division by going over tlieir work carefully, 
using the reverw pna'css of addition for each subtraction. 

To insure mastery of the division proot^, after the pnK*ess is«.ac(inire4l give 
a problem each day. either In long or short division, during the rtunaiiuler of 
the term. 

M(*ntal or oral arithmetic shouI(\ be given daily in abstract and concrete proo- 
lems. for at least oue-thlrd of tbe arithmetic iwriod. 

Gradk 5. 

FIRST IIAI.K VF.A8: 

Review of essontlnl processes taught In preoetling gradt*s, Long division. 
Ucdnrtion. juldition. subtraction, and division of fractions. Aliquot parts: i, i, 
i- J-. L i- Montiil aritbmetlc. ^ 

I'upils should be able automatically to add Qnd subtract by endings and to 
use ti)(‘ inultiplicntion eoinbinattons through 12. times 12. before beginning tbe 
fractional work. While the frnetlonal work Is being developed In class time, 
the written work should consist almost entirely of review problems. Enough 
pnu'tlce shoukl be given In long division to enable pupils to use the process 
accurately and fairly rapidly. Insist \n>on the use of short division where the 
divisor Is less than 13, 

The chief dllllcnlty that pupils have In acquiring the fractional processes is to 
InteFpret dearly the nnfamlllur, and so iK»ritIexlng forms and terms used. The 
problem of the teacher therefore Is to enable pupils to Interpret these con- 
veiiiional symbols into terms of their own cxi»erlence. To this end pupils 
should first lenrn to obJt*ctify the’oonnnon fractioiml qtiantities. halves, tlilrds, 
fourths, sixths, elglitlis. ami twelfths. Pupils should compare tlu»se fractional 
parts when applitnl to actual objects (oranges, apples, sheets of [mi)er. etc.), 
and to reiu'csentatlons of objects by drawings. 4)ra\vlngs should be nse<l very 
largely for obJ*H'tlve development In this grade, ns they make iHisslble a nineh 
wider upiil lent Ion of the fractional parts than would be is>sslble with a few 
olijccts. The drawing, nionH)ver, Is the natural step between tbe obJ**et and the 
abstract symbol. Whenever a drawing Is used^the child should think of It as 
representing some definite object. 

Mixed numbers, proper and improper fractions^ — l>evelop these terms objec- 
tively by paiKjr folding or from drawings. Pupils at first read a mixed number, 
2|, as 2 whole and 6 of a whole. They should realize that an Unproiier frac- 
tion Is equivalent to a inlxe<l number with the wholes cut Into the same sizetl 
parts as those indicated by the fraction and all of these parts combined, 
iteduction. — Pu[fils should now specialize in the following processes until 
they are skillful in the ust* of them, ai)proaohlng each from the obJective.i)olDt 
of view. 

a« Reductlofl of Integers and mixed numbers to fractions. i 
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h. Reduction of Improper fractions to Integers or mired numbers. 

c. Reduction of fractions to higher and lower terms. The work In this IsRt 
topic should he especially thorough, as addition, subtraction, and division o( 
fractions usually involve one or both processes. 

Addition, aubiraction, and diviaion of /mcttonj.— Pupils that have had the 
above preparation will have no difficulty In acquiring skill In the use of these 
processes If abundant -practice be gIvMi. It should be recognized that the 
business world st^Idom deals with fractions whose denominators are higher 
tlmn 16, preferring to use decimals for all such fractions. This should cause 
the teacher to drill largely upon fractions of the larger denominations (with 
small denominators). 

Finding the least common denominator (by In8t»ectlon only) should be taught, 
Lenomluators too large for this method should not be used. 

SKCOND IIAU TKAS. 

Review of preceding essential processes. Multiplication of fractions. Addi- 
tion. subtraction, and division of decimals. Aliquot parts: i, g. 

ft, A, iW. Mental arithmetic. 

Makd clear, to pupils that a fraction may be expressed In a variety of ways: 
(1) Five hundredths: (2) n hundredths: (3) yftc ; (4) .06. 

The last way Is called the decimal form, because It Is used only to express 
fractions whose denominator is ten or a multiple of ten. 

At this point lead i>nplls to see that a fraction has two meanings: 

First. The meaning that they, as primary school children, were taught to 
attach to It— namely, that a fraction expresses a certain number of equal parts 
of a unit 

Second. The meaning that the mathematician often attaches to It namely. 

that a fraction is an expression of division. In which the numerator Is liie ' 
dividend and the denominator Is the divisor. t 

Oradk 0, 

FIRST HALF YEAR. 


Review of essentials. Multiplication of decimals. Percentage, first case. 
Denominate numbers and measurements. Bills and receipts. Menbtl arlth* 
met Ic. 

Teachers should, at the outset, determine which pupils can not add and sub- 
tract readily and use the multiplication coinbluatloiKs automaticully, and assist 
them overcome these fundamental weaknesses. The first two or three weeks 
should be used In a thorough review of the essential processes. Teachers 
should, throughout the term, emphasize the work In all the decimal processes 
so that the pupils may acquire skill In the use of them before leaving the grade. 

In this grade give only the first view of i>ercentage. For this reason con fine 
the work to an explanation of the way of reading and writing per cents, to 
teaching the connection between per cents and integers, and to finding given 
per cents of numbers. Keep the work simple, using only whole numbers of 
per cents. For example, use 4%, 6%, 6%. etc., but not 4ft%, 6ft%. etc., In this 
grade. Some suggestibns : 

(а) Teach i)ercentage as a phase of multiplication of decimals. 

(б) Teach the Idea of j>er cent by finding, orally and In writing, hundredths 

of given numbers, expressing the written work at first by the com- 
mon and then ^y the decimal form of the fraction. After the pupils 
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baT« a clear Idee of fladin; hupdredtha of a number decimally, give 
them the percentage form of notation and expression ; 1. e.« tell 
them that 0.06 la written 6%, etc. ‘They should learn to associate 
hundredths and per cents. 

(r) Give the pupils wide experience In changing decimals to i>er cents 
and per cents to decimals, using Integral numbers of hundredths. 

(d) Give the luiplle wMde experience In finding by the dtH'lma! i>ro«*s8 a 
given per cent of a given number. I>o not lntro<luc*e during this 
term the difficulty of deciding whether or not to use the common 
fraction or the decimal fraction equivalent of a given per cent: that 
is, use always the decimal fractions. 

Denomiaate numbers and measurements should receive a thorough treat- 
ment In a practical way In this grade. Teach the necessary tables of denomi- 
nate numbers. Some of these tables the pupils already know, whereas others 
flioy will now meet for the first time. 

(а) The pnpIlB should memorize thoroughly these tables, excepting that 

every Item which modem business does not require the average man 
to know should be excluded : more definitely teach the following 
tables: time, weight dry measure, liquid measure, linear measure, 
square, jncasum, an^ cubic measure. j-, 

Ask the implls to bring to school bills that have been used In business trans- 
actions. Talk them over with the class, allowing the advantage of the conven- 
tional forms of ruling, heading. receli»tlng, etc. The pupils should be asked to 
make out bills first on blank florms. If they can be obtained, afterwards on 
pa I ter w'hich they have ruled themselves. I>et their Imagination be used to 
make tliese buslnesB transactions represent actual transactions as far ns i> 08 - 
sible. Let It be Imagined or represented that the teacher or one of the members 
of the class has sold the rest of the class a bill of goods or done a piece of w^irk 
for them, or rented a house to them. The resulting bill should contain the 
real names of the parties to the transactlona The pupils should learn bow 
to receipt a bill properly and also how to give a receipt for ai»y obligation; 
that Is, an account settle<l. rent imid. wages received, ami part payment receipt. 

All processes and subjects taught In this grade should be Introduced by simple 
work given orally. After a principle has been taught a large number of simple 
exercises should be given In mental arithmetic, so that the pupils can become 
sure and skillful In the application of the process. Mental arithmetic should 
be given dally for one-third of the recitation period. 

SECOND HALF TEAS. 

Review of all essential processes previously taught, as follows: * 

’ (a) Addition and multiplication combinations. 

(б) Notation and numeration of Integers, Arabic and Roman; fractious, 

common and decimal. 

(c) Reduction. Changing denominate numbers to higher and lower 'de- 

nominations; a common and decimal fraction to higher and lower 
terms; changing mixed numbers to Improper fractions, and the 
reverse process; changing decimals Into common fractions and com- 
mon fractions Into decimals. " 

(d) Addition, subtraction, multiplication, and division of Integers; com- 

mon and decimal fractions; denominate numbers. 


(e) The use of the common aliquot parts. 
Percentage. 

Measurements. 
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^ Simple blllA accounta, and recelpta. 

Mental arithmetic. 

The purpose of the review work In this (prade Is to eetabllsh a strong founda 
tlon for future mathcnmticai Klmly by iimklnp piipIlR wire ami Kklllfiil in tiie 
use of the eeeentlal prooeeses pre/Knisly studied, and by revealing to them the 
unity of the subject as baaed ujwn the two Renernl underlying principles. 

At the outwit the teacher should make sure that every pupil can add am! 
subtract accurately and use the multiplication comblnatlona automatically. All 
cases of “arrested develoimient such as counting in adding, adding lnHte:ni 
of using the multiplication combinations, and writing down numbers to be add<^l 
to the next higher order U mnlMiilication^Uould be earnestly sought out and 
corrected. The teacher, particularly of this grade, should fi'el that unless this 
fundamental work Is thoroughly uccomplislu'd her work In arlllimetlc Is. to a 
considerable extent, a failure. 

Pupils should now he able to read and write the (piantllb‘s, api^nrlug under 
various forms, w’hlch they will neeti to use. They will prob.ahly have no 
difficulty tvlth common fractions and denominate numbers, l>nt they may tuhnI 
considerable drill In Integers. Arable and Koiuan, uml In dtvlumls. Tlieli- 
knowledge of the Roman system will be used almost exclusively In <*omnH'tbm 
with the numbering of chajders In books, and It should be taught with thi.s 
In view. DrIU only ui>on numbers b<*low C. 

In the decimal notation considerable drill may be necessary before the pupils 
will readily associate the nnine of the order with the nnaiher of d^vlinal places. 

Sufficient drill should l>e given to enable pupUa to reilih'c d<‘nominate num- 
bers to higher and lower denominations and to give them jiroliclency In chang- 
ing fractions toother fractional forms: common ;md (bHimal fractlou.H to higlier 
and lower terms: Improper fractious to mixed numbers, etc. 

It should be the aim of the teticher to keep the i>ercoiitnge work entirely on 
the thought side, avoiding aU formulas or rulee. The work Inchides the rela- 
tion between common fractions, decimals, and j>er cents: the tlndlng of a given 
per cent of a number: the finding of a number when a part is given; and the 
finding what part one number is of another. 

“Gain and loss” should not be taught as nn independent topic, for the 
problems which come under this hend can be classlfltMl with the time kinds of 
percentage problems mentioned above. If it Is clearly established with the 
child, by mt^ns of blocks or by representation by drawings, that the stMlIng 
price Is always made up of the cost with a part of Itself addc<l or taken uwa 3 % 
according as there has been n gain or a loss, he will have no difficulty with 
the^ problems. 

In connection with the percentage work, pupils should acquire facility In the 
use of the common aliquot parts. Those that are easily computed (os jl=00</r) 
should not be committed to memory, neither should those that are not commonly 
used (as A =31 19^ ). Pupils should lenm, however, to compute quickly the 
decimal equivalent of any fraction, by expressing the numerator ns a decimal 
arfd dividing by the denominator. An excellent drill consists In counting by 
fractional parts, giving at the sjime time the decimal or per wnt equivalents. 

In measurements, review the work with the rectangle, square, triangle, cube, 
distinguishing them from each other and associating these geometrical names 
with the figure already familiar. 

The problems under this head should be practical Require pupils fre- 
quently to make tiieir own measurements In order to obtain the conditions of 
the problems they are to solve. Illustration: Find the dimensions of your 
schoolroom. What Is the total area of the walls and ceiling? much 

window surface? How much blackboard surface? Determine the cost of sod- 
ding the yard of your school and inclosing the school yard with a tmee. 
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One good way of treating this topic is to work out problems In connection 
with building and equipping a bouse or the school building, H a building is 
l>elng erected in the neighborhood, it should be used for this work in order that 
tbe i>n)hlems nmy 1^ real. 

In order to train pupils to keep simple accounts — on accomplishment that 
evt*ryone Kboiiki iK)SRt‘8H — teachers are requested to have at least one exercise 
a week In which the children make a record of their income and expenses. 
This exercise neeii not occupy an entire period. Except when class Instmctjon 
Is nee<U*d, the reot)rds may be made before school, or at odd times. 

The iiccmints shonld be of actual moneys Indonglug to the pupils, if that is 
|)OsRlbie. It Is l>etter to have a briefer account and have It n real one than to 
till it with fanciful transactions or family transactions. Tba(|ccount8 should 
indicate briefly, but od^uately, the sources and disixisltlonB of Income; not 
from Aunt Mary, but Clift from Aunt Mary ; not Paid out, but Paid for 
candy; not Earned, but Shoveling snow, etc. The headings at the fop of the 
pages should be uniform through eqch book — either Received— Paid, or In- 
coim* — Outgo, or Receipts — Payments, Balances should be ctmiputed at the 
close of each month. These balances should be pro|>erly brought down by use 
of red lines, if possible, and carried forward to the next month’s account. Begin 
each month on two new pages, with proper statements of amounts brought for- 
wani from previous piontb. Have a uniform use of capitals and punctuation. 
Pupiis nmy keep memomuduin slips, but entries In the account iKwks should 
lie made in school, with ink, and occounts should not he copied. Accounts 
through vncatloiiH should l>e kept in memorandum form and entered in the 
IxKiks in school after vacation. Tin* accounts will be oiiened October 1 and 
February 1 and be continued through the OA grade only. Including vucutlons. 
Account books will be furnished this grade. 

Ask tbe pupils to bring to school bills that have been used in business trans- 
actions. This work is review, and pupils should become profleient lu making 
and receipting biJIs of various sorts that are use<l In the common business of 
life. Make the work practical, and frequently during the term give practice In 
this w'ork. 

All ]3rocesses and subjects taught In this grade should be introduced by 
simitle work given orally. After a principle has been taught a large number of 
simple problems should be given lu mental arithmetic exercises, so that the 
pupils nmy become sure and skillful in the apnllcatlon of the principle. Mental 
arithmetic should be given daily for about one-third of the recitation i>erlod. 

Grade 7. 

FIRST HALF YEAR. ' 

Review of essential processes. Applications of percentage (commercial dla- 
connt, commission, taxes, simple Interest). Constructional geometry. Mental 
arithmetic, .. 

First make sure that all pupils can use the ^ndnmental processes skillfully. 
If weaknesses are revealed, test for addition endings and multiplication com- 
binations and follow up all deflcienctes until they are overcome. 

Devote the first two or three weeks — more or less, according . to the class — * 
to a review of the essential processes. It is only when a good foundation is 
established in this review work that the best results in the advance work can 
be assured. 

Do not allow pupils to become confused by the new terminology found in the 
appIlcatioiiB of percentage to various kinds of business. Cause them to see that 
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thMe involve idenocal principle. ,,ud proce««^ which they need In their rtudv 
Of perc^tage In the pnvedlng gmde.. Keep the work simple, pmctlc.1, ,md 

metho.1.. lYaIn pnpll. to liiveetlgnte by 
^Ute and fluted Inqulrle. the .lllTer,Mil kind, of ImHlne.. Btndh-,1. The In- 

"" InlereetlnR nnd 

prontabie Dmnuer. 

The subject of commercial dl^Huml I. of grc.t vnitio lH>c,mKe of it. extensive 
nw} “ from wholesale trunsacllona down to bargain sale.." Pupils ahonld under- 
ataijd «,,ne of the reasons for nllowlnR discounts. Huylng In Inrite nuantltlea. 

!l!f I!“. llu'o- «l>e usual deductions from 

"■“U''* tar obvious reasons, to review bills and re- 

ce!pu In coDDP^lon with the siody of this topic. 

the pupils Interview commission merchants and obtain conditions for 
•ome practical problems, and. at the same time, a social Interest In this Im- 
ponaht business. Kllmluate all problems that state that the sum of money sent 
Includes the commission and the price of the kvssIs ImuRht.'as this Is conlrarv 
to buMlneiw practlc'e. 

The subject of Uixes should be treated brletly It should be shown that there 
Is expense Involved In conducting the affairs of a city. To make this concrete 
nse as an llliistratlou the fact that the public schools un> <le,H>ndent umn the 
taxpayers for their supiKvrt. ,;>olut out the nt>cesslty of «tch cltl.-en ,vtylng his 
rightful share of the public ex|>enses of government. The simple mathemallcal 
work In the subject may l>o develo|>od by the analoRy bclvvwn levying a cllv 
tax and taxing the members of a Iwll team to nuvt its exiwises. The altemiit 
in the fonner case to apiKu tlon the taxes. Vccordlng to the Indlvlduars proix-rty 
may bo bro.ight out by the contrast In this res,KX-t l.etvv,xm lheso two lllus^ 
tratiouH of tnxatlou. 

Oonfliie the work In this grr.de to the subject of municlival taxes, discussing 
the subject only In a simple way. fse the curnuit tax rate In problems 
I’reeent conditions so that the child can discover that Interest Is merely j, 
form of percentage with the time element Introduced. • ^ 

One arithmetic ix-rjod e.ich week should be dCvoied tc the geometry work. 
The punvose of the work Is to tench pupils to use the few mechanical drawing 
Instruments wWch they bn.v, nnd to ncvpialnt them with some of the essential 
fUDdameutal terms and principles of poometr.v. 

SECOND HALF YEAR. 

Review of essential processes. 

Problems of the home. Grocery, meat market, department store problems. 

"fthling the home. Cost of furnishings 
for the home. Other problems relating to the cost of food, heat, light clothing 
etc., for the family. ’ 

^vlng and Investing money. Saving money. In/estlng money. Banking. 
Interest. Real eStatc. lavana. ' 

Constructional geometry. 

Mental arithmetic. 

“ P«n.phlet on comi 

nmnlty arithmetic. 

Theae problems are designed to give drill npon the essential processes through 
tne ose of such problems as are mef'by Individuals In their dally life. Tliev 
• re to be solved u|)on the basis of enrrent prices In every case. For this reason 
important that the tea^Jher should get In advance a list of the Items, 
towther with the current prices. These problems are the kind gU of us as , 
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purrlmm'^rH Klitmid i>retmrttl lo solvt* tiHMitiilly. or if no! f»o, then In wrltlii*: 
wlili very !)rirf note**: iliey are tin* kind tlint KiileKinen mid elerkH are nillrtl 
iil^ni to Soho In their daily work. Tlio proliIeiiiH will W found iineful for Imih 
mental drll! ami for written lei*»on8. 

The d<iKirt niont-Htore itrnldeins are dealjctuMl to imvt the erillclHui of Hlort' 
moll that iiotli rlorks ami tlie pnlilir arc nnskillfiil in tin* Kolutlon of hiu'Ii Himple 
IToIdems ns (H'cnr in tlie oondm i of a ileiuirtineiit ston*. 

hive iifoMeias sh^>^^in^: that small daily ami \\t*«*kly saving's will amount to 

• lar^ro sums in tlnio; tliat money may dfirii he sav(^l hy making; ra>li |iayiiieuiH 
rather than payiim hy installments or Imyiim on ero»lit ; Unit ll is more ivo- 
noinieai to huy in reas^uialdy laive <niantilles; that the eln*aiM*sl ihlnpi are 
sometimes tlie most exisMisive In tlia Km;; riia. 

t'onsider tlie \arious ways of invi*sttin; money: IhinkH and trust enmpaiiles; 
reaj estate; loanlim money. Kstahlish the eeomtinie prlnejple tliat the IiIkIut 
the rate of inten*st' ofTensI hy an luvesinient. the ^:reater the risk involved; 
alMi. that tlie ehMinmt of suifety in in\t*stmems is of fur ;:rejtit‘r lintKirtaiiet* llnm 
tile ainonnt of im‘ome from them. 

'Pile luink Is tlie most evuninonty iisevl means provldt^l for the s;tfi*“ke<*pi*th' 
money, (‘ertain khnds of Iianks — for instam^, snviims hanks and trust eom- / 
piinies ' not only ^rnarantei' to lakt* eurt* of all numey left with them hy dt^ ' 
Ihisifors hm tliey als<> iNiy a oertaln iht cent of interest. 

Wlieii p:\ntiralile. |in)'ilr4 should i;o lo a Ict.ik and ask s<*nie oilirial to show 
tlieiu ahout the hank. Uei»ort wli.at .voii ItMirn to tlie elans, .VfS’ertuln wimt 
oiiinals there are lii tlie hank, and tin* duties of wn h. 

M:1Viy sehools have found It inttU'est in;: and iirolilahh* to orpin Ize selnKii 
lianks, (doi tlm: the olheers and earryiii;: on a n*i;nlar haiiKin;: hasliiess, either 
Willi small anioimts of real inonex plaetNl mi de|MtKli liy impils and trail sferrevi 
h.u the tein lier to some hank or trust evantatny. or with imitation niouey. whieh 
e.in 1 h* made In rnltiim out nsdaimular pit*eos of paiK*r for hills ami eireiilar 
jdeees for eoins. nurkiii;: on earli )>hse Its <h*noinin;it ion. 

Teach tin* imah'Kl of d^'positini: money, of drawlmt cln‘cks, of Iiorrowiim 
nntm’y. and of dlscoiim lim notes. 

Not less limn one aritlnnelle iH*rled a week slionld he devote^l to the p*omeiry 
work. The pnrpost* of the work is to te.-ieh pupils to nso tin* few imxhanleal 
draudim lnsirmiM*nts wliich t):ey Iniy and to actpiiiint tliem with some of the 
(‘ssenlial fiimhnmaiial terms and prineiples of punnet ly. 

Tile aim ttf eaeli exercist* slionld la* eleprly stat«*d^ to the ptiplis and they 

* should he led, so far as praetlealde, to think the sm*cessive steps to the eon- 
clusion. In oth<*r word;', make It a thliikltm exerelM* rather than a mere dic- 
tation excrelse. laieonnip* pupils to ust* their instruments as much an possible 
in tin* iiiensuralioii work In nrltlnneiic. in tlie art work and luiimml training 
work, and whenever they will 1 r* servirealde. 


Review of esHentialR 

O Problems relatin;? to the Industries of the city ami State. MimufncUirliiK 
Interest R of IndlanniHdis. Manufacturinp Interests of IiidlHiia, Problems met 
In certain lines of work; wane railroad problems: foundry iirohleius; iirohliMiis 
.of buying and selling pniier: making out a pay roll. / 


<Jrai>k h. 


KIKST HACK YK.AR. , 


Paying ami collecting money hy checks, drafts, and money orders. 
Generalized nrlthnietic and isiuattona. 
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Proportion, 

Mental arithmetic.* 

, Instead of» the above, the Latin classes take algebra; however, In these 
classes also, drill In the previous arithmetic work so as to maintain efficiency. 

In the eighth grade, i)roblenis relating to the interests of the city are preparetl 
and are issued in pamphlet form. 

8EC05D HALF YEAR. 

Review of essentials. 

Generalized arithmetic and etiuatlous. 

Stocks and bonds. 

Insurance — fire, life and accident. 

Cost and support of our Government, ^ost of city schools. Cost of city 
government. Money raised by taxes. Money raised by sale of Inmds. Money 
raised by special assessment. 

In treating of stoi*ks and bonds show that a gr^at d^al of the wealth of the 
country Is Invested In the varloim kinds of business w'hlch supply our wants 
and minister to our welfare. Name a number of the business enterprises in 
or near your community which are owned and controlled by single Indi- 
viduals; a number In which more than one iM‘rson have Invested their money. 

Show that much of the business of the country is now carried on by these ( 

corporations — for instance, railroads, trolley systems, and many of the largt? ) 

luaiui factories. The money contributed to carry on these industrle.s Is repn*- 
sented by bonds or certificates of stock, which are bought and s<dd like land or 
merchamllse. Kxplalti the' fluctuation of stocks and the difTerence between 
stocks and Imnds. . 

Pupils can find the market price of the more common stocks and bonds 
quoted In the dully newsi)ai»ers, and while studying this subject they should 
folh)\v these quotations front day to day. Explain the ahhrevlutlon “ pfd.*’ 
(preferred), and the difference l>e(wcon preferred and common stock. Most 
railroads and many other business enterprises Issue thftse three foriqs of ) 

securities— tK>nds, prefernnl and common stock. Pupils should study thes<‘ dif- 

ferent forma of securities as issued. by .some local corporation, as a traction 
company or railroad. 

The work In stocks, and bonds will be limited to the finding of the cost of a 
given number of shares of Block or of a given number of bonds, at a given 
market price, and to the finding of the Income from a given number of shares 
of stock or a given number of bonds. 

Insurance should be stiidleifj for Its Informational rather than Its matheroatl- 
enl value. Three kinds of Insurance should be briefly and simply discussed — 
life, accident, and Are. h. 

Pupils ‘sboufd understand the underlying principle In Insurance; paying a 
relatively small, but carefully estlmatp<l sum of money to a conif>any for their 
guarantee to pay a very much larger sum of money 1 h case of a sf)e(.‘lfled con- 
tbagency. 

They sbot^d understand the following terms: Policy, premium; “straight 
life** and “endowment” iwllcles; “gowl’* and “lioor” risks. 

The problems In the cost aud support of the Government should be designed 
to maintain and increase efficiency In the essential processes of arithmetic 
through constant application and to convey Information concerning matters of 
local or national interest, of which all citizens should have some knowledge. 

This aspect of the work Is designed tp correlate with the work of the civics 
class. The problems should afford op[K>rtunlty for the use of the four fuuda- 
Siental opera tlons^wlth integers, percaitage, and some of its applications.' 
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SUBCOMMITTEE 2. MATHEMATICS IN THE KINDERGARTEN- 

In the early history of the kindergarten as an educational move- 
ment, there was a somewhat unanimous opinion current regarding 
the direct mathematical training and the instructions to he given to 
the children through concrete experiences with Froebers educational 
nmterinls. 

The gifts and occupations (the^ technical names given to FnebePs 
play materials) form a related series planned to meet the creative 
ami constructive impulst's of the child, through activities involving 
the analysis and synthesis of geometric forms. The gifts begin with' 
the ball (sphere), the cube, and the cylinder, progressing through 
the analysis of these to the study of surfaces, lines, and points. The 
(x*cuj)ations are based upon such activities as |>erforating, sewing, * 
drawing, weaving, the folding and cutting of paper, and modeling. 
They reverse the geometric evolution, embodying the synthesis of 
form from the point, through lines and siirfaces, back to the solid. 

I’he traditional nietluKl of using these materials in tiie earl^ history 
of the kindergarten tended toward a nim.'h more direct process of 
iM^^ ruction, bringing to the children a consciousness of the geometric 
relations (*mlM)died in the gifts and occupations. 

.\s the nuxlern f)rimary school rtMluced the amount of conscious • 
a rithineti(ad knowledge and instruction in the course of study for 
the younger children, a parallel movement took place in the kinder- 
garten. As a conse(|uence, the more direct method of mathematical 
instruction, which the geometric basis of tbe Fncbelian materials 
ii^ade possiltle, gradually gave place to a more indireet approach to 
numf)er, measurements, and geometric relations, through a more inci- 
dental, organic, and fundainental cnij)Iiasis upon these aspects of the 
materials in (he moral activities of work and fday. 

The present tendency seems to point toward a valuation of the 
mathematical possibilities of the Fnebelian materials ns means to a 
higher end; that is, as structural, functional, or organic means neces- 
sary to realize the playful, the creative, or constructive impulses of 
the child through wliich tliese mathematical values may begin to come 
to consciousness. v 

The fact that the FnebeliaVi gifts and occupations are based upon 
a geometric analysis and synthesis of form, need not reduce or inter- 
fere with their creative and playful opportunities, except in the hands 
of a kindergartner who clings to the formal use of them as a means 
of direct mathematical instruction. On the other, hand, the very fact 
that their structure and use. involve such unconscious activities as 
coiinting, addition, siibtraction, multiplication, and division, some 
consciouwiess of these mental processes and their results will grad- 
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jially come to the child whether the teacher emphasizes or ignores 
fhem. 

The very nature of the material familiarizes the child, through 
playful concrete experiences, with the mental processt's involved in 
the soluti^ of problems in fractions and all the elementary activities 
of mathematics which may be brought to consciousness later through 
the more direct methods of instruction in the elementary school. To 
what degree the mathematical values involved in those playful activ- 
ities should be brought to consciousness at the kindergarten period, 
is still Under discussion, with much less decided dilForencos of opin- ^ 
ion than w'ould have IxTn apparent five or ten years ago. 

While the structural and functional use of the activities of count* 
ing, measuring, adding, subtracting, and dividing sooiiis to be on the 
increase, there is an equally evident growth in the ai)preciuting of 
the fact that they must not be left to chance experience without due 
attention to ways and means for providing opportunities for further 
progress. In other words, there is a decided feeling (hat in niathe- 
muticul experiences, as with all others in the kindergarten, the teacher 
must provide conditions which insure steady progress from tJie sim- 
ple to the more complex, from the unconscious activities involving 
mathematical values to the more oons<‘ious abstraction of these, ami 
to a continuous growtii in the appreciation and control of (he , mathe- 
matical p()s.sibilities which are normal to the child at this period. 

As a knowledge of mathematics in some form underli(*s all indus- 
trial activities of mankind and in the foundation of all (rue propor- 
tion in the art world, the kindergarten brings the child to a gradual 
cons(‘N)usness of minierical and geometric relations, the former by 
such features as simple counting, measuring, and adding, ns his work 
and play may demand, and the latter by the use of the geometric gifts 
and not by abstract exercises. In this way the youii^^er (diildren 
get arithmetical and geometric impressions incidentally, and the older 
children come into a more definite knowledge of matliernatical rela- 
tions, and thus begin an intelligent, mastery of the material world. 

The kindergarten which represents the progressive s(!hool makf'« 
no attempt to teach mathematics in a formal or direct way, since the 
child of kindergarten age is not interested in and can not grasp any- 
thing 90 abstract as number or geometric form apart from tlio use he 
may need to make of each in carrying on his play activities success- 
fully. But in his experimenting and play with different materials 
he discovers certain facte in regard to number and special relations; 
for exapaple, that if he uses four of his eight building blocks to make 
a square table, he has four left to use as chairs. Later he will make 
use of the knowledge thus gained, and will acquire further knowl- 
edge of the same sort in his efforts to carry out his ideas and pur- 
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Often the liand work reciuires the division of material into halves, 
quarters, etc., or some material needs to be measured and cut to fit. 
I’liroiigh such experiences the child acquires a working knowledge of 
certain satisfactory methods of dividing and measuring material. 
Fui-lhenuore, he becomes familiar with a number of geometric solids 
through using Uiem in building, -and he learns to select the kind that 
will best express his idea. The same is true of his work with paper 
cut in the form of stpiares, circles, and triangles. The games some- 
times call for the grouping of children in threes or fours, and there 
are many occasions when counting is advantageous. The child in the 
kindergarten thus gains considerable knowledge which may be termed 
iiiatiicmatical. Such knowledge comes at first incidentally and un- 
consciously through play, and later as the resujt of conscious efforts 
to reach ends which appeal to him as valuable. 

After due investigation an effort was made by this committee to 
arrive at some conclusion regarding the amount of mathematical 
knowledge which kindergaitcn children could acquire, without direct 
instruction, through the normal activities of work and play. As a 
n‘^>ult the committee has agreed upon the following: 

(1) Ability to count up to 35 or *10 can lx? secured through the 
childreirs helping to k(X*p the daily record of attendance. 

(*2) Ability to know and name correctly the sphere, cube, and cylin- 
der, and the most characteristic' surface forms such as circles, scpiares, 
rectangles, and the right triangles. 

(3) Ability to know groups of objects up to five or six. 

(1) Ability to know, construct, and use intelligently halves, thirds, 
and quarter’s, by the help of blocks and the kindergarten occupations. 

(5) Ability to add, subtract, divide, and multiply small numbers 
through constructive j)lay. For example; (^) 2+2, 2+3, 2+4, 3+3, 
4 + 1, 5+5; (/>) 2X2, 2V3, 2X4. (0 4-2, 0-3, 8-4. 

As to method, the comiqhtee calls attention to the following points; 

(«) The concreteness of the work. 

{h) The work is functional and structural, as means to an end, 
through the activities of work and play, 

(/^*) Knowledge is acquired through self -active experience. 

{(I) In an incidental but not accidental fashion, as a result of 
definitely planning the experiences which involve steady progress in 
the use and control of mathematical facts, the child comes to reali^. 
ends that are of worth and interest. : 

That a better knowledge of the child is leading to a greater iriia- 
niinity of opinion is quite evident from this report, since it is pro* 
I>ared by memlx?r8 who were selected because they were supposed to 
represent widely different points of view that obtained a few years 
since. 
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SUBCOMMITTEE 3. MATHEMATICS IN GRADES 
ONE TO SIX. 

I. INTRODUCTION, 

As four definite topics were assi^ed the committee, it was agreed 
to divide them among the four members other than the chairman, so 
that each could do' intensive work on one topic. The chairman 
was thus left the task of checking each by doing extensive work in all 
the fields designated. The topics were consequently assigned as 
follows : 

Topic a . — The orjjanization of schools and the Renernl relation of each klpd 
of school to the others.— Miss Julia Martin, Howard rnlvorRity, Washington 
D. C. 

TojHc h . — The iiiathenmtical curriculum in each tyi>e of school. — MIss Harriet 
Peet, State Normal School, Salem, Mass. 

Topic c . — The question of examinations from the ixilnt of view of the 
school.— Dr. C. W. Stone, State Normal School, Farmvlile. Va, 

Topic d. — The methocls employed In teaching mat henmtlcs.— Prof. Henry 
Suzzallo, Teachers College, Columbia University, New York (')ty. 

The reports on these topics naturally overlap in certain invest i- 
• gations. As originally prepannl they containoel numerous grajdis 
and statistical tables, embodying many scientific data, and only the 
exigencies of publication prevent their appearing in complete form. 
All have necessarily been condensed for present publication. 

The chairman gathered her data in narrt^ver fields, 'but in the same 
way as did her colleagues, namely, by — 

<1) Personal conferences during eight months with hundreds of teachers, 
met at Institutes and in conventions, at teachers* meetings and study clubs. 
(2) Correspondence with teacher friends In almost every section of the UnitCHl 
Statea (3) Study of text books and manuals in nmtiienmtlcs, published dur- 
ing every decade since 1800. (4) Study of methods in mathematics ns given 

ill all forms of iiedagoglcal writings during the last .">0 years. (.^>) Kx- 
nmination of courses of study issiuxi by four State departments, five State 
' normal scboola six city systema and five private schools. ((5) Testing several 
fifth grades In one city by means of Dr. Slone’s “ standard I z(.h 1 tests.” (7) A 
careful study of examination questions Issued by teachers, superluteudents, 
$ and SUto deiiartments. (8) A questionnaire given to about :i00 normal-school 
students. 

The questionnaire was formulated to secure evidence on topics h, c; 
and d. Plainly, during the last 10 tp 15 years (when the students, 
questioned were in grades one to six) arithmetic grew yearly a more 
vital part of the course of study, being “ the subject most einplia- 
sized,” being most often “ the subject governing promotion,” and 
being the subject in which the majority of the so-called “ brightest ” 
pupils excelled.^ 

The course of study as recalled limits the fundamental operations 
applied to both integers and fractions, leaving all “extras”- to the 
I ^ sev^th and eighth grades. One interesting, f^ was the great uni- 
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formity in distribution of arithmetic topics; the students questioned 
had had their early training in at least 10 different States, and in no 
les/than 100 different schools. 

On the question of examination over 87 per cent had to take ex- 
aminations, the majority taking them either monthly or semi- 
annually. In general the examination counted for one-third to 
one-half of a pupil's promotion average. Eighty- two per cent ob- 
jected to examinations, usually because the student was nervous,” 

“ worried,” afraid,” or filled with “ dread,” but occasionally because 
the test seemed unfair or caused cheating. 

These same students imagine (in a few cases only they know ”) 
that only 78 per cent of the teachera favored examinations, fully one- 
third of this number favoring them only lx‘canse ^Mt was a duty to 
be met.” At least 22 per cent of teachers are thought to object to 
examinations. 

The questionnaire gave little help on the question of change in 
methods, since students were plainly influenced'by very recent work, 
or else could not write out the explanations they had once had. 
Itatio work was evidently little understood, students almost in- 
variably using one as the only basis of comparison. If they had 
ratio work since they left the intermediate grades, it must have ap- 
peared so difficult that they think young pupils should still ^ taught 
the to them easier or simpler way of returning to one each time. 

The chairman made her report in full before the individual re- 
ports were received (or, at any rate, opened), so that the unanimity 
of opinion as to pre.sent conditions and marked tendencies in the 
teaching. of mathematics displayed in the five separate reports pre- 
pared at great distancxi from one another, basexl upon different 
sources of information, and fre(|uently overlapping, gives one con- 
fidence in the validity of the results indicated. 

In recasting the whole for^publication, extra effort was given to 
eliminating whatever did not Ix^ar- directly upon the topic of mathe- 
matics ns taught in -grades one to six of the general elementary 
schools, public and private. 

TOPIC A: THE OROANIZATION OF SCHOOLS AND THE OEKEHAL RELATION OF 
EACH KIND OF SCHOOL 'to THE OTHERS. 

A fair degree of uniformity inarks the organization of schools in 
the different States of the Union,. only such variations being notice- 
able as would naturally come from difference in (a) age of the 
settled territory, (d) density of population, and (c) inherited ideals, ^ 

First, we note two large classes of scliools, public and private. 
The first group naturally divides again into three subdivisions, 
namely — 

(a) Those found in - rural communities, and called ** ungraded 
schools,” ** country schcolsv rural schools,” “district schools,” or 
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“ parish schqols,” according to the locality and the educational sys- 
tem. As niral communities increase their wealth, their ambition for 
ednCxiitional advantages, and their interest in educational j)roblems^ 
new forms of th^se rural s<’hooIs come into existence, cjiIKhI “semi- 
graded schools,” “consolidated district schools,” “township higii 
^schools,” etc, 

(5) So-called “ graded^ schools,” found in smaller as well as in 
large cities. Such a city system usually consists of an “elementary 
school ’’-—eight years of work, divided into primary, including kin- 
dergarten if given, intermediate, and grammar grades — and a “sec- 
ondary school ” or “ high school,” 

(c) Those schools which the State or Government at large syp- 
ports, the only ones of these which include grades one to six being 
(1) schools for abnormal and indigent children and (2) elementary 
schools in connection with normal schools and with such State uni- 
versities as have a department of education and maintain a prac- 
tice school.” 

The relationship between these subclasses of public schools is very 
slight,' ninil schools biung largely autocratic, in spite of existing 
school bohrds and county superintendents, whereas graded systems, also 
(nominally) under the jurisdiction of the county superintendent, are 
in smaller cities much more democratic, though jKidiaps plutocratic 
in large cities where specialists supervise the work, w hile schools of 
the third class might, in a similar w'ay, be denominated as bun^au- 
cratic. Of course, schools for defectivfes, incorrigibles, etc., do not 
pretend to employ the same materials of education nor the same 
standards of scholarship ivs do Uk other classes of sdumls. Theo- 
retically, if not actually, normal school and university “model . 
schools ” establish the standards for their State. They are organized ^ 
to further a threefold function: (1) “ Model ’’instruction for pupils 
attending, (2) opportunities for practice in teaching by the students^ 
of the main school, and (3) opportunities for testing out theories ^ 
of education by professors of the different depketments. Different 
schools may emphasize one or the other of these functions, but the 
three are still ever present. Because of the reffiiogship bet\veen these 
functions, the curricula, the grading or organization, and the methods 
of instruction employed in. a normal school, foi^ example, arc usually 
submitted to the faculty for discussion, so that the result represents 
a “cabinet” conclusion, and thutefore is authoritative; usually, 
though not always, being adopted by other schools of the State. - 

Specialists who supervise the work in large cities have not the 
help of such discussions and must grow somewhat autocratic in the 
selection of subject matter and of method, the system being too large 
for them to get the expression of teachers in the same way that a 
superintendent may in a smaller city where all of the teachers know 
all the phases of work and so feel freer to express their opinions. 
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The r!»ral school is organized with one teacher for all grades and 
for all subjects, with many classes to l )0 heard daily and with long 
periods l>etween recitations for each individual pupil. The county 
superintendent, with largo territory to cover and with bad roads and 
incI(Muent weather to work against, sees the teacher very sekloin ; the 
dir<H‘tors are inclined to visit the school still less frecpiently than does 
the county superintendent; so that the rural teacher is truly absolute 
monarch in his dominion, and, if he profits by his own mistakes, 
tliere is no lK*tter training for any teacher than just this independent 
battling witlvtho problems of the professions. 

A gin e at the second class of schools, those not supported by 
])ul)lir I'unds, reveals very few schools which contain grades one to 
si\'. In the United States comparatively few parents send either 
boys or or girls away from home to school before they are T2 or 
14 years of age, 'so that most preparatory departments in acade- 
mies, colleges, etc., Iwgiu wdth work ranking in difficulty with that 
done somewhere from the sixth to the eighth grade. Some technical 
s(-li(H)ls. tra(h* and night s(4iools, a few philanthropic sc1uk)Is like 
those of the Educational Alliaiu’c in New York and Hull House in 
(diicago. ami some private schools like the Lower Shattiick (Fari- 
bault. Minn.), and the Horace Mann and'Ethical Culture Schools of 
New ^"ork City, contain all the lower grades and deserve our stiidy, hut 
as tlu^e schools usually form no part of a system,” each stands alone 
in its organization, and consequently in its curriculum, lx)th being 
largely based upon the aim which actuated the founding of the school. 

I 

TOFlO B: THE HATHEMATIGAL OBRRIOTTLinC IK EACH TYPE OF SCHOOL. 

Itural schools have the reputation of doing u greater amount 'of 
irmthemntics in grades one to six than other class(»s of schools, and 
though the stiuli(*s mad(» for this paper gave no [)i*(K)f of this, it may 
well he true, for such a result would Ix* the natural outgrow’tli of (1) 
tiu* old-time emphasrs upon imrthematies as a test of ‘‘brightness;” 
(2) the cons(H]uenl selection of teachers (the “ I)i*ightest students 6f 
a community) good in rnathenuitics, so that they^ probably taught 
this science I)ctter than 'tliey did other subjects, or, if not, tliey at 
least continued the einphasisvupon it ; and (II) the organization of the 
rural school, with its on\i teacher, many classes, and nuieh necessary 
seat work or independent study. Sin(,*e assignments in mathematics 
(X)uld bo easily made and most easily corrected, since to Iiave “ ciphered 
through the hook” wi^ a mark of distinction, and since pupils wfto 
had any ambition to attain this distinction eoiild thus bo kept “In 
order” for long ixiriod;^, mathematics came to form a major pat^^bf 
the curriculum of the rural school. Prof. W. S, Smiley’s statement ^ 
that rural pupils are superior to urban pupils is of interest here, even 
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did the fi'eling of the teachers. Finally, the report is based upon very 
iiniited resources, viz: (c#) Tlie study of n few h(x)ks or chapters 
dealing with Uie reasons for giving examinations, {h) an inspection 
of some examination questions given by ditferent schools and State 
de])artim*nts of education, (r) the giving of Dr. C. W. Stone's tests 
to a number of classes, and (d) such giuieral information as a teacher 
naturally ac(|uires during several years’ cx])erience. 

Fven to the prestuit time examinations have been ranked most 
highly, but for dilferent reasons by wlilferent schools. Some fi^el 
that the value li(‘s in the mark obtained by the pu]>il. this mark being 
iiinde a deiinite test of his ability, and upoii it depending very largely 
his rank in class and his readiness for promotion. This belief causes 
great stress to be laid on “ finals.’' Othei's detan the practice in or- 
ganizing.qiiickJy, in tliinking clearly, and in. expivssing accurately to 
he the main value of examinations. This theory tends to the use 
of monthly or biweekly examinations.’ Still other schools find the 
worth of examinations to lie not in a* Ixmefit to the pupils (save in- 
directly), hut to the teaeher, giving her. as they do, opportunities to 
ciieck objectively IiRr subjective ranking of jmpils and of class prog- 
ress. In this case, the examination jrapei-s are never returned to 
pupils, the teacher merely noting erroi*s on which to work with Ixitlf 
class and inilividnals. Vet otluu’ schools st.aiul strongly for more or 
less frequent examinations, btHauist^ of tht‘ chance this gives the su- 
pcrinteiulent to check the results obtained by ditferent teachei% and 
to locate the cause of. any unusual ilivergence from the norm, 
whether jhe cause lie in tfie teacher, in the pupil Ixuly, or in the 
course of stmlv. Other reasons are atlvancetl, but these are sutlicieiit 
to illustrate the^’ variance. 

The }>r(‘sent attitude and seeming future tendency coiK'erning ex- 
aminations is to rank them as valuable, hut to h‘t the value,, and the 
conscHpient use made of the papers, be controlled wholly by the aim. 
The benefit to the jiupils arises largely through practice (1) in sepa- 
rating essentials from nonesscmtials; (2) in clarifying a viewpoint 
througli the enforced exprc.ssion of it, or perhaps through lis defense; 
(3) in learning to interpret the printed or written page independently, 
i. e., without the teacher's voice or eye oi’ gesture to guide; or (4) 
in merely being tested upon memorized facts, which, though not the 
most vital thing in education, arc yet the basis for all compitring, 
relating, and judging that are to follow. With this aim the tests 
should be. frequent, .should txi carefully looked over by the teacher, 
and very soon thereafter should be made the basis of further class or 
individual instruction. 

One proof that the first three forms of practice t^re growing in im- 
portance to teachers is found in the very different sorts of questions 
asked to-day from those of a decade or more ago. The earlier purely 
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nienioriter <|iiostinns are place to tlio^e wiiicli nHpiire old 

knowled^', not as isolated hits, hut' as knowledge to Ih‘ niilize<l in new 
situations, tt» Ik* luar^lialed (]uickiy at will, and arranj^ed h^^icallv, 
i. e., (o questions which demand thoii^Iit, judgment, choice, defense of 
opinion, etc. / 

Those tests, examinations, or parts of examinations wlms<‘ purpose 
is to hclj) tlie teacher check her jml^nuMit of pupils and test ilu* por 
lions of sul)jc(*t matter taught as to tlu‘ir ndativi* vaJue in ^ivin|jf the 
ptjpil uleals of and practice in persistence, honesty, independent 
thoii^ht*power, etc., need not 1 h‘ returned to the pupils, ‘riiou^h the 
teacher scorns by tins means to be saved cons idera hie labor in <*heck- 
iii^^ erroi*s, at(cm])tiu^ to ^lade each jaipcr justly, etc., the con- 
scientious teacher has still the task of noting emu's and classifying^ 
them in various ways: foi* example, eirors iliu' to iirnorance or to 
careh»s.sness; (hose relatively im'poi tant or imiinpoi tant : (dass or imli- 
vidmil errors: eiTors to he inmualiately dealt with or ihose which 
may Ixftter he haiulled each time an ()pp(uT unity olfers ami so must 
be kept consta fitly in mind. 

\Vc*iv (be coi'ivcliim^ not so hurdensoine. many teachers would itn 
crease rather than dfa rea-(* the frequciHT of examinai lor.s especiallv 
if (he time cendd he m*( and the (jiuv-t io!l^ made (tut hy tlu* (t'arhers 
tiiemsclves. ^ The p'catest (‘om|)laint altont examinations comes from 
twieheis who fwl stron^dy that (jui^stions nmdcmmt Iiy any otlier per- 
son than tlie teacher of the childrcfi tend to laroine of the mechanical 
or niemoritiT type. Particularly is this n'st^itcd when (pie.stioim hav(* 
so hecomo, and when no latitude is ^iven eith|r [Uipils or ((*aeliers 
i. e.. when no account (in a larm‘ system) is taken of (he personal 
ecpnition, and when ti‘achei*s ami pupils an* inea>iired hv th(*^e ((‘"ts 
alone. As snperin(end(*nts and supervisors make* broader stiiclies in 
these fields, they n‘c<j^rnize ilu* mvd of allowiii^r. f<,,. individual dillVr- 
ences and ihe cause of the aiiove complaint is fast disapjicariim. 
Without doubt a niovcnmnt in Mm ri^lit direction is heinL^ made 
Dr. Stone and others who are working out standardizcHl tests, ainl " 
it is hoped that this work will continue, lieing consiaiitlv improved 
and made more far-reaching in its effect. That suiierintcndeiits find 
the returns ns valmihle in (‘li(*cking up their teju-hers a.s teachers do 
in checking up their pupils must he rermgnized hv .*11 
To summarize, then, little change is seen in the value placed upon 
exam illations; but marked chaiig(*s are CK'curring in the type of the 
questions.^ The formal^ lengthy, memoriter type which counted much 
in promotion and class ranking is rapidly changing to the type which 
is only another means of teaching, another form of re< itation, a test 
similar to that which life daily demands of us, viz, to know some 
things perfectly, to relate these things to new situations, and tliiis 
quickJy to solve new problems. 
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TOPIC 0: THE METHODS EMPLOYED IH TfLACHIHO iIaTHEMATICB. 

In no othpr field under discu5ision can tondoiicics be more clearly 
noted than in tins one of metluHis. Though many metluxls are still 
in use, there' has l>cen within a decade a most decided veering from 
luHianical rule-of-tliumb methods to thought methods 

The present chaotic state of our methods in mathematics seems 
d»H* to a number of caust^, some of whicli are (1) the various views 
nf \vlnit numh(*r i'^: (‘J) ditTt*rence of opitiion as to wliat shall Ixv 
selected fnmi the whole field to be taught in grades 1 to t> of the 
elementary scliool ; (I'S) the bondage wc /re in to juist ideals; ( t) the 
inertia of the school itself or the slownci^ witli which a givat institu- 
tion like the school changes; (o) recent marked progros in the indus- 
trial world, demanding ditl'erent life ]>reparation of elementary 
scluH)! graduates: ((*.), social progrt^s-^: and (7), though by no means 
l»‘a>t, the great demand for tcacheiv, a demand so urgent (hat we 
press into service vaM numbers of iinmatnre girl« who, thongli earnest 
and zeahui>. yet lack that higher and broader pi'ofessional training 
spoken of by Miinsterborg which makes a teacher see the, ailns of 
education and knpw well the moans avidlable for meeting those aims. 

The many iiauhods wliirh these' caun's produce may. after all, be 
classed into two main divisions— mecliaiiical and thought— though 
it i> true that most me! hods are a dtH'iilcd mixture of the two. 

liy mechanical metliods we moan such as emphasize the symbol, 
the form, the (*xj)ri'ssion. to the subordination, oi* even exclusion. h>f 
the thought, the content, the meaning. In direct opposition to tliis, 
thought methvHls, while not ignoring e?wprossion, lay greatest stress 
uj)on meaning. 

1 hough the various views of what number is give n very different 
content to (he number symbols in coimuou use— that is, '2 may mean 
how many, how much, hMation in a series, the ratio of one mag- 
nitude to aiiothet, etc., according to the individual's view of the es'sen- 
tials of the mimlx*r iilea- yet, thought methods ever give this content 
first place, whereas mechanical methods center abonJt the symbol. *Jt 
is to j)e noted, however, that the luinmn mind tends to make auto- 
matic, mechanical, or formal whatever it can.' That symbols, then, 
incline to siTiuu’.sedc meaning is <lne to very natural causes: (1) All 
must admit (r/) that conventionalized symbols are nee<jed to insure 
rare progi’ess, (h) that the higher tlie do gnv of conventionality the 
further is the symbol removed frorp its^ieaning, and, consequently, 
(c) that wnth (his ‘greater conventionality there is increased danger 
that the child may never get tbe meaning, that the symbols will grow 
to liave undue importance to him so that he may, indeed, become a 
mere juggler with figures; and (2) if it is admhted that even any 
part of the science of number deals not with things but with rela- 
tions of things, it must readily be seen what difficulty children have • 
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the thought held; (3) tiint pupils are encouraged in flexibility of 
expivssion as well as of thinking, the former, however, always being 
controlled by the latter; nml (4) that jiupils are given many opimr- 
tniiities to exercise choice and judgment in applying the knowledge 
gaineir to life situations. * ' 

(iiiines, plays, and constniction work are some of the means cm* 
ployed by many grade teadioi's to give content to, or else a ratitjual 
nmii\*e for, many phases of nunilMu* work, e. g.* liniuber ct)mbinatii>ns, 
riiileil States money, and fru(’tion stud}’. 

During fhe current year the writer has witnessed the teaching of 
some aritlimotic lessons dealing witlj (1) finding aivas. ixTiinoters. 
etc.; (‘i) subtraction; (3) areas of triangles; ( I) fraction-; com- , 
itjcivial disi'ount; (0) interest; anti (7) insurance. Tlie methotls 
cinplttyed were mainly thought methods, htr (*ach time sucli an 
appeal was made to j)U])ils' actpiaintance wiih.lif(> -ituations as to 
make the jdan in common nsi* a most st*nsii)le tim^ to the child, a 
l)I:m he might even think out by hiius^df, and never have given to 
iiiin as a rnh> to l>t* learned. Tlie symlH)ls or ft>rms of exprt‘->i(m 
grew fnmi the cluKlren*s Inmting the lH‘st exiuv— ion to say wliat 
they thought, ami though' they were plainly gnidetK into adojuing 
conventional mmles of expression, the pressure was' ever from the 
tli(Miglit siths 

Mtldern i)sych(flogy, which cinidiasizos the formative ns well as 
ilic revealing fiinctitm of t'xpression, enables u- to select our methods . • 
of pnx’cdurc as well as unr mathematical curriculuiii with much mon' 
reason than ilid our predecessors in education, d'liough in the main 
miitent shtudd ]>reeede form, tliert* will ever be found situations which 
demand form bdore content, or if not bt'foro content, at least witliont 
content at the tin^* of use. When thought methods luv in flu* main ' 

cmj)loyed in the i)reseiilatioii of such work the teacher is first sure ' 

tlial she has the eont(*nt herseArthon she prcMMils (he process in a 
way to make pupil^i recognize its rationality, even though they can * 

not and perhajis should not lx* asked to explain; drill follows, ami yet 
demands ihi thinking are made throughout; ajiiilieations eontiimc 
the thought work, but the wise teacher iiatiently waits for maturity 
to bring full interpretation, (I-Kjng multiplication might be cited 
.as an illustration. of such work.), - j 

Finally, metlukls of teaclpng arithinelic, besides depending uiion 
the subject mutter chosen by makers of tlu* curriculum, vary accord- i 

iiig to the aim of teaching mathematics held by the teacher, tlie school, i 

or the community — whether the end of it all is technical skill for ! 

utility or economic purposes, whether it is formal discipline or etd- 
ture, whether It is to interpret the (quantitative side of life experi- 
ences, or whether it is a union of all those aims. Furthermore, the 
stilk more specjdic method selected for each recitation in mathematics 
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is determined by the narrow result desired or the means at hand for 
realizing this enfl, and hence often is, or may be, (1) objective, con- 
crete, and rationally motivated, if a new topic is to be developed; (2) 
abstract and mechanical, if drill or mere repetition is the object; and 
(3) objective again, and full of original thought work, when appli- 
cation is the motive. 

Ir^ conclusion, then, it appears that (1) the aims of teaching mathe- 
matics, the selection of subject matter, and the methods employed 
are constantly acting and reacting upon one another, so that a study 
of all is necessary to an understanding of one; (2) that topics in 
' arithmetic for grades one to six are being rationally motivated, and 
processes are being steadily rationalized to the child; and (3) that 
thought methods are gaining ground, • ^ 


n. THE ORGANIZATION OF SCHOOLS AND THE GENERAL RELATION 
OF EACH KIND OF SCHOOL TO THE OTHERS. 

A. EXTEEHAL OBOAKIZATION OF THE ELEMENTARY SCHOOL. 

The present organization of the elementary school is very dilfKUirt 
to describe, because of the many factors that have contributed to it^ 
upbuilding and the great variation that exists. We have no centra! 
school organization in the United States; each State is suprem?' in 
educational matters. The work of the United States Bureau of Edu- 
cation is advisory, instructive, and inspirational. It collects and 
publishes statistics in regard to educational matters at home and 
abroad ; it publishes many fine articles and documents; but its greatest 
power lies in the way it iinifies and shapes the educational thought of 
the country.' Schooriegislation in in the hapds of the lawmaking body * 
of each State, and the e.xecutive authority is vested in a State depart- 
ment. The officers of the State department are State superintendent 
and State board of education. The duties of the State superintendent 
vary in the different 'States, but in general, lie has charge of the 
certification of teachers, State institute department, collection of 
^ statisfics, the mtfleing of a course of study for the rural scrhools, pub- 
lishing of bulletins t>n teaching, publishing of am annual report in 
regard to the work of the schools, and the apportioning of school 
' funds of the State. In the States where the office of State superin- 
tendent has-been dignified by giving it large opportunities jjnd 
suprem,e authority in carrying out school matters the posit ioil 
one of great honor and the educational affirirs of those States are 
on a high plane. 

The State boaid of education varies in its powers and functions. 
In some of the^States it has entire charge of the normal-school sy.stein 
(Michigan^ Illinois, Massachusetts, and Connecticut), while in others* 
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its duties are conducting examinations and certificating teachers 
(California and Kansas). In the States where the board is made up 
of educators, rather than politicians the influence is marked. 

The political division of the State is the county, and the educational 
organization has the same unit. The county officers and the county 
organization vary sectionally. In the South the county is the smallest 
political unit, while in the North the county is divided into towns or 
townships, and in most States the townships are divided into school 
districts. The reason for this difference is historical and industrial. 
The southeni colonics had the county unit probably because of the 
method of holding land. The large plantations gave a thin and 
scattered population, and thus a large^rea was necessary for a unit 
of government. Elementary education in the southern colonies was 
largely in the hands of private schools, and not until after the War 
of 1861 did State organization of school systems become universal. 
I The county following the political division is generally^e unit of 
school organization at the South. Louisiana calls the county the 
parish. 

I The county school organization is in the hands of a county 
superintendent or coiyity commissioners and a county board, some- 
times called board of examiners, in all of the States except those of 
New lijpgland. The office of county superintendent is generally an 
elective one,' and the duties vary from mere clerical work to real 
supervision of school organization and classroom teaching. “ The 
county superintendent of schools shall have the general superintend- 
ence of the public sidiools in his county, except those in the cities which 
are organized under sj>ecial law and those in special or independent 
school districts, and shall visit each j)ublic school under his supervi- 
sion. He shall at such visits carefully observe the conditions of the 
school, the mental and morarinstfuction'given, the methods of teach- 
ing employed by the teacher, the teacher’s ability, and the progress of 
^ the pupils. He shall advise and direct the teacher in regard to the 
instruction,- classification, goVemment,. and discipline of the school 
and the course of study. He shall keep a record of such visits, and 
by memoranda indicate his judgrhent of the teacher’s ability to teach 
and govern, and the condition and progress of the school, which 
shall be open to inspection by any school director,^’ * etc. “ 

The* county board of education in many States together with the 
county superintendent has charge of the examination of teachers for 
county certificates. 

1 ExceptloQR ; PennsylTanla. township oloct connty super IniendenK New Jersey.' 

Hlmlsslppl. Virginia. State board of edncatlon appoints county superintendent. Delaware. 
Florida, govehxoT appoints county superintendent. Alabama. State superintendent ap- 
points county superintendent. North Carolina, county board of education, clerk of 
supreme court, register of deeds appoint county superintendent. 

. •Oeneral schooj law North Dakota, 1900,. 

1442*-i-31 6 ‘ ^ 
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In the South, where the county is the educational unit, the duties 
of the executive officers are quite different., The county organization 
of schools in Kentucky is quite typical, and is as follows: “ Each and 
every county in this Commonwealth shall composer one school dis- 
trict • • V shall be confided to the control of n county hoard 

of, education. The county superintendent of schools, county judj^ijo, 
and county attorney of each county of the Commonwealth is hereby 
created a commission to divide their respective counties into four dis- 
tricts as nearly equal in area as is practicable, ♦ ♦ ♦ Each edu- 
• cntiojial district 6*Iects, at its regular November election, one member 
of the county board of Alucation. These four members, together 
with the cx)unty .superintendent, .comprise the hoard of education, 
and have entire charge of the schools of the county.” ‘ 

“ The township- organization of schools is but n merger of districts, 
with practically the same rights and privileges as were invested in 
each of the original districts. The officers are chosen at the annual 
town meetings by all the electors, or, as is sometimes the case, the 
township is the unit of school government and the schools are made 
uniform throughout its extent, Maine, New Hampshire, Vermont, 
Massachusetts, New Jersey, and Indiana have a compulsory township 
organ izatiqp by legislative enactment. In at least 21 other States 
there is permissive legislation^”* 

The district is the smallest unit of organization and is found in 
some form or other in a large number of the States, This unit grew 
up in New En^and, The Puritan’s spirit of determination to pro- 
vide education for his children and the inconvenience of Ending 
pupils a long distance to school, gave us the district schoolhouse in 
each settlement. The families sending their children to the school 
constituted the school district. Its size was a matter of convenience. 
When thei" New Englanders migrated to the West they took their 
school unit with them, making it more definite in organization and 
more suitable to the land holdings in size. The district to-day is a 
definite division of the township and is presided over by three 
officers elected by the voters of the district at an annual meeting. 
The annual school meeting is the most perfect democracy we ^ve, as 
it elects its own officers, fixes the sum of money to be raised, and votes 
the number of months of tecess of the school year prescribed by law. 
The term of school office is generally three years, and the officers 
have power to employ teachers, handle the funds of the district, and 
provide for the care of all school property. « 

Th^^ great industrial changes in this country, the large movement 
of the rural population to^the dities, and the settling of large numbers 
of the foteign immigrants in the cities, have made the district organi-^ 

, . * 0^n«»r«l school law of Rentackj, IDOS, * 

•Hlatonr of edacfttiott In the United 8Ute« .Dexter, * 
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zution in many regions unsuitable. The large number of district 
schools with less than ten pupils has meant great expense, poor 
facilities for work, and unsupervised teacliing. The State superin- 
tendents are urging upon the people the reorganization of the district 
and the consolidation of weak districts. The township unit is 
probably the imit of the future. Massachusetts solved this problem 
as early as 1882, and the other New England States have followed 
her example. “The school district in all towns in the state are 
abolished. * * ♦ * Every town shall choose by ballot at its annual 

nreeting a superintenclii?^ school committee of three. The manage- 
ment of the schools and the custody and care shall devolve upon the 

J ioOl committee, which shall annual ly elect a superintendent of 
lools, who shall not be a member of the committee.”' This law 
es not apply to towns authorized to control school matters accord- 
ing to special conditions as in large cities. The Maine system is quite 
typical of township organization derived from the district organiza- 
tion. “The^s(’hool committee of two or more towuis having under 
their care and custody an aggregate of not less than 20 or more than 
;>0 schools rhity unite in the imiployment of a superirltendent of 
schools, providt^l they have heen^) authorized by a vote of their own 
towns at a regular town meeting or a special town meeting organized 
for that purpose.”* 

Every State has made sj)ecial laws for the organization of city 
schools, and in many cases special charters have been given certain 
cities to meet unusual conditions. The city unit is usually a collec- 
tion of districts. It is governed by a board of education and a super- 
intendent.' Other than this there is little uniformity ’of organization. ^ 
'I’he city boards of education Vai^ in number from 3 members to 84, 
l)Ut a very common number is 9. The superiiitendefijb is elected by 
the boanj of education and its executive in all matters pertaining 
to the workings of the school. ‘ r 

B. XKTEBHAL OBOAHlZATIOH OT THE 2LEMEHTABT SCHOOL. 

The term elementary school has various meanings. In the Eastern^ 
States it refers to tjie first nine school years or grades; in the South 
it usually means seven grades; and in the North and West eight 
grades. These grades or years are usually divided into four primary 
grades and four grammar grades. There are, howev<fr, other organi- 
zations, as in Tennessee, where the grades are* defined by law, as 
follows:' 

The course of study In the primary school shall consist of five maes and 
the course of study In the secondary. schOf>i shall coiiBlst of eight grades. 

* Laws of Maine relating to puhllo schools, |000, 

* Report of public Instruction. New Uampsblre, 
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* * * Pupils colnplettng the first-year grades afid attaining proficiency 
therein shall receive a certificate from the State sui^ntendent certifying that 
the holder has completed the primary-school cour^ which shall be counter- 
signed by the county superintendent and district ydlrectors and the teacher op 
teachers of the school, and shall entitle the hol^r to enter the sixth grade of 
the secondary school of any school district, or M the high school of any high- 
school district. The county .high schools shal/be graded by the board of (hIu- 
cation under the general regulation of the fetate s«l>eriuteudent and suiKir- 
vlsion of the county suiHjrintendent. heglnnlnj^with the sixth grade, shall be 
adjusted for the admission of pupils who have Completed the five grades of the 
primary schools.* « 

The coordination of the elementary school with the secondary 
school has been perfected in many States by a county or State leav- 
ing examination. This examination is given by the coanty board of 
educatipn'and all p^perp arc rated by the county board. The exami- 
nations are the same throughout the county. A pupil receiving an 
' elementary-school diploma of this character is allowed to enter any 
high school of the State without further examination. In California 

the law is as follows: ^ ^ 

, ) 

The (‘oursea of study for the day elementary schools of California shall em- 
brace eight ytmrs of Instruction ♦ * ♦ except In city school districts having 
boards of eflucatlon, the county or city and county lM)ai>] of eduratlon shall 
provide for the conferring of diplomas of graduation by examination mix)n the 
pupils who have satisfactorily completed the course of study provided for the 
day and evening schools of the country or city and country.* 

The States^ that have provided for the coordination of the elemen- 
tary school with the high have raised their rural schools to a higher 
plane. The teachers who do hot succeed in preparing their last 
classes for these county examinations soon find that there are no 
schpols needing their services.' Many schools look forward to the 
elementary-school graduation with as much pleasure as to the high- 
school graduation. 

Sojne of our best ^educators are recommending a iSjix-year ele- ' 
inentary school period, to be followed by a six-year secondary 
school. This plan has many arguments in its favor. The pupil at 
the close of the sixth ginde fdiotild be between and 13 years of age. 
Those that are under gra^e average about 14. Thci under-grade pu- 
pils are in general- the ones who leave school as soon as the age limit 
of compulsory education is reached. Nearly all of the States make, 
the age limit H years. It. would be an incentive to good work and 
regular attendance foe the p^ipil to feel that gradua^on and a dp 
ploma are within his reach. From 12 to 14 there is a marked change 
in th^j^Hity.of pupils to think and to grasp the meaning of prob- 
lem^ teacher who is a specialist in his line of work appeals to 
the pupil. This i§ shpwn in the marked success of the departmental 
i fpr the grammar,grades. Looking toward a six-year high scfieol 

. * Pnbll« scbojPlaw. of TenDe«^/l9^ - 

* School laws of Colgprnla, 1009, 
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a number of qur schools already have a seven-grade elementary school . 
and a^ive-year high school. The Horace Mann ^chool of New York 
City finds the latter an admirable scheme of organization, 

0.' EFFECT OF THE ABOVE UPON THE TEACHING OF ABITHMETIC. 

This report is j)articulafly interested in the effects of the organ iza- 
/ ti(tn of the schools u]>on the twiching of arithmetic. “There is not : 
complete agreement among teachers as to the, extent and cliaracter of 
the nun^er work of the fii-st school year.” * All schools, rural and \il- 
lage, agree in genera T as to the amount of arithmetic to be covered in 
the grades, but the grade where* formal arithm^^tic shokid bt*gin, the 
way arithmetic’ should be taught to the young child, and the grade 
where arithmetic should bi‘ completed, are unsettled. “ For the first 
. hhlf year the work should l>e mainly' oral iwid largely incidental to 
other 'School exercises, especia^lly to ihe construction work.” ^ 

“ There .shoi/ld Ik* no f(JTinal numbt*r work in this grade. In con- 
nection witli the general oral lessons and occupation work qiany facts ' 
concerning the simplei* number relations are informally presented 
and acquired.”-’ < • . ~ • ^ 

'‘“Arithmetic grows out of other school exerci^*s and is ‘applied in 
problems of construction.”^ 

In grade (>ne tlie children repeatedly discover numerical rela- 
dions through counting. In grade two numerical relations are further 
revealed through work with measures. Grade three is a year of drill 
in number ’facts, the teacher resorting to the use of'tneaeures only 
wl»^*n neces.sary. ' prudes four, fiv^ and six are drill years in the pro- 
cesses and o[)c rat ions, w^ith an Lnc reusing amount of applied arith- 
.nietic. In grades seven and eight pupils should increase in facility 
through abstract-drill and in power to reason tlirough af)plied arith- 
metic.” * 

In the course of .study prepared for tFie rural schools of Mic^iigan 
the entire work of the first four grades is oral, and the w*Ork of the 
. first two places the einpliasis on .sense traiifflig. . In the course of 
study pr>*pured for tlie District of Columbia the first year as given 
to sense training. In (he scliools of Han Francisco all of the work 
. of the first grade is pral. It includes counting, addition, and sub- 
t ruction*', with nine as the limiting nninl>er. In Uie training school 
of the Michigan Stilte Normal College the first year of the arithmetic 
course is devote^ to sense training. “ Not to put arithmetic as a topic 
in the first grade is to make^sure that it will not be seriously or 
systematically taught in nine-tentlis of the, schools of the country. 

^ Courae^of study for the oommoc schools iof IlllDoJs, 1007. •• 

■Coanve of study, Denver public schools. 

•Course of study, Cleveland public schools. , ' » 

* Course, Qf study. Boston public scliools. 
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The average teacher, not in tlie cities merely, but throughout tlie coun- 
try generally, will simply touch u^on it in the most perfunctory way. 
Whatever pf scientific statistics we have show that this is true and 
that childrtm so taught are not, when they enter the intermediate 
grades, as W’e IV prepared in arithmetic as those who have studied the 
subject from the first ^ade on. 

“ Furthermore, while it is true that tJie. essential part of arithmetic 
can be taught in about three years, it cai^not for psychological rea'*- 
sons be us well retained if taught for oidy a short period. 'Jlie in- 
dividual ncH‘<ls prolonged e.\{>erience with number facts to impress 
them thoroughly on the nuiid.’'d . ' ’ ^ 

In regard to the completion of arithnictjc there are three positions 
taken: First, that arithmetic should contiiiue through the eight grades; 
second, that arithmetic should be completed in the seventh grade and 
algebra or geometry given in the eighth grade; and third, the simuh 
taneous tx^achrng of arithmetic and algebra or geometry in the eighth 
grade. The majority of schools teach aritfilnetie through the seventli 
aiid^eiglith grades but introduce the use of\he equation in the fifth 
gAde and give h\ the 'seventh and eighth gnidas some descriptive 
geometry in connection wdth mensuration. This pourse seems to 
make the necessary preparation for high si'hool work. 


I 


J . D. ELEMENTABY PBl^VATE SCHOOLS. 

.The private elementary schools are few in number. They are gen- 
erally organized in conlieotion wdth the private secondary schools 
the eleinenlary department. The private schools of the country arc 
largely located in the East «nd South, ^ Their purpose determines the 
organization and course of .study. “The school aims to qffer educa- 
tional facilities fully abreast of the changwng conditions of modern * 
life.; retain those features of scholastic woric that experience 1ms 
stamped as sound and effective; to inaugurate promptly sucli plans 
as local conditions may require.” * “ The purpose of the sciiool is to 
maintain a high dtder of training — mental, moral, and pliysical— 4:o 
both boys and girls of the primary, intermediate, and higli school 
grades.* . ' 

‘^The object of the school is to give thorough preparation for col- ^ 
leges and universities and at the same time to give instruction in 
tho^ branches of an English education necessary to success in the 
ordinary pursuits of life.” ‘ 

The formation of character and not the acquisition of knowledge 
as an ei}3 in. itself is the chief purpose of . the school— ‘a purpose 

* b^Tld Eugene Smith ; The teach I dk of arUbmetlc 

>Vrl€t)dH Scho6I, Baltimore, Md. 

■Friende School, Wauhlngton, D. C. ^ 

^{fnivenUr School, Montgomery, Al^. , ^ 

' « 


Teachem Col lege, Columbia Uni- 


kATHEMATI^S IN GRADES 1 TO 0. 86 

which the home ai;id school should puBsue together, in close coopera- 
-tion with each other.”* *. 

The title ‘ UrfivQrsity School ’ jjartly explains itself, for the 
schooTs* first aim is to thoroughly prt^pare hoys for college work. 
Hie second •particular purpose of (he school is physical and iiiorar 
development in connection with mental work.” 

“The end sOThip is a social, an ethihal one. The means taken to 
attain Ais aim are: First, the inculcation of the democratic spirit. 
* * * sChildren of the rich and poor and of different nationalities 

and races are to meet together and^earn to respe<T one another, both 
in their work and theii^ play; secondly, the awakening of serious 
intellectna! interests and enthusiasms in order to counterbalance the 
jileasure-loving and self-indulgent tendencies; third, the awaken- 
ing of the spirit of socdal service by •enlisting the interest of the 
students in the work of settlements and noighborlMiod houses with 
whicli school is in touch; fourth, the building’up of d largely' 
humanitarian and ideal purpose toward which all lines converge.” * 
And thus to give the aim and organization of the private school is 
to write all tW individual means of carrying out the various aims. 
In geij^era^ the organizat^on-and course of study are the same as in the 
public elementary 'School. In place of emphasis each school shows 
its own individuality in carrying out the purpose for wdiich it^was 
organized. The variation in amount of arithmetic taught and time 
given' is quite similar to that of the public ^hool. 

m. THE MATHEMATICAL CURRICULUM IN EACH TYPE OF SCHOOL. 

Information concerning the course of study for the’first six years 
of the elementary schools was obtained frexn the replies to a question- 
naire' sent to all States and leadi^ cjtics and from an examina’tion 
of (f large number of printed courses of study. ^ 

' Of the 48 States and Territories to which questionnaires were sent^ 
40 were -heard from either, ditectly through the State superintendent 
or from a representative city within the ^t ate. The eight from whom 
no p^plies came were in all cases States of small po})ulation. Of^the 
2.Y largest cities, 24 replied ; of fhe 50 largest, 37 replied. The total 
number of cities heard from was- 52. The total number of question- 
naires sent out was 200; the number of usable replies, 90. 

The replies from' the leading private schools were limited and, as 
far as they could be interpreted, differed but little from those of the 
I)ublic schools. The replies from the State HUiperintendents w'ere 
inadequate owing to the impossibility of making generalizations 
upon theVork of a State where there is of necessity, with few excep- 

^ KninclB W. Parker School, 111. 

» University School, Cleveland, Ohio. 

* Ethical Culture School, New ToVk City. ^ . 
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tions, great variability in the courses of study. The rliost valuable 
, replies wete those Trom the leading cities of the country. A statis- 
tical r^fjort was therefore made from these. The 52 city scIkkiI 
systems which formed the basis for the work represented in the 
aggregate 2,480,000 j»upils. Every s^tion of the country was repre- 
sented, but the nnost den^ly. populated Stated, such as New York. 
Pennsylvania, Ohio, and Massachusetts, were proportionately largely 
represented. V * , 

The questionnaire was in three sections. The first section asked 
for the means employed to broaden the ^ope of arithmetic, the second 
for means used to narrow the field, and the third asked for specific 
information as to the time the study of numl>er was commenced and 
the year in which different arithmetical topics were studied. 

The questions as to the means employed to broaden the scope were: 
(1) Are geometric forms studied? (2) Are. the equation and a lib- 
eral notation used in^the solution of problems'? (3) Is the applicji- 
tion of number to manual training emphasized? To geography^ and 
nature study? To practical affairs? (4) What other rneiins are 
used to broaden the scope of arithmetic? , ^ 

In reply to the question as to the means used to broaden the scope 
ol arithmetic through the study of geometric forms T2 per* cent of 
the school systeih? replied in the affirmative, 23* per^ cent were’ in 
a qualified affirmative, such as “sonjewhat,” a little,’' making a 
total affirmative of 95 ‘per cent and a total negative of 5 per cent* 
The quesyths on the equation and literal notation were, it was evi- 
dent, unoR^tood to include seventh and eighth grades instead of the 
^grades within the limits of the investigation. The replies, altliough 
of Httle value for this report, were as follows: Affirmative for the 
use of the equation, 51 per cent; qualified affirmative, 3C) per cent; 
negative, ^13 per cent; a^rrnative for the use of a literal notation, 9 
p^r cent; qualified affirmative, 50 per cent (all labeled for seventli 
and eighth grades).; negative, 41 per cent. In reply to the question 
on the application of number (1) to manual training, 50 per cent 
• of the ^hool systems replied^n the affirmative ; 35 pef cent* with a 
qualified affirmative “ somewhat^’ making a total affirmative of 85 
per cent and a negative of 15 per cent; (2) to geography and nature 
study, affirmative, 50 per cent; qualified affirmative, 18 per cent; 
total affirmative, 68 per cent; negative, 32 per cent; (3) to practical 
affairs, 'affirmative, 95 per cent; negative, 5 per cent. Topical replies 
to,the fburth question as to other ineans used to broaden the scope 
of arithmetic were: “ Our tendency is to concrete work in all grades 
in terms of a child’s experience; ” “ t)ata for exercise taken from 
acthal measurements^nd actual affairs ; ” “ Practical affairs cover the 
g^nd;” “Arithmetic throughout is. considered a social study;” 
“fim of actual tax bills, gas bills, water bills, etc. (fonms borrowed 
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from public service compajiiies) ; ” “Aritlimetic not valued as formerly 
for its worth in discipline, but it is being made very practical;” 
Conne(*ted with home life and local industries.” 

The questions on the means used to narrow the fielil were : (1) Do 
‘ you have the children do more work with small numbers and less 
' with numbers in the millions than formerly? (2) Do you teach only 
lliose arithmetic topics for whicluchildren have immediate use, ex- 
cluding such topics as interest and wall papering? (3) Other 
tendencies? 

Of the replies as to the use of smaller numbers 01 per cent were 
nflirmntive, per cent qualified affirmative, making a total affirmative 
of D4 ])er cent and a negative of 0 per cent.^ In reply to the (piestion 
on the choice of those subjects for which the children had immetliate 
use, 44 per cent replied in the affirmative, 32 per cent gave a quillKied 
affirmative, making a total of 70 per cent affirmative and 24 per cent 
negative. The replies to the third question “ Other tendencies ” ran 
iis'follows: “Toward simplification,” “Our tendency is toward the 
elimination rtf topics not clearly serviceable,'' “ We emphasize mental 
and oral work with small luunlx^rs to secure facility in common proc- 
esses," “ Insistence upon simple problems and proficiency within 
narrow limits," “ Toward simplification, accuracy; certainty, “ Much 
work with small numbers; simplifiecl problems,” “ Jlie elimination 
of topics^ emphasis on mental work.” 

* In. the third section of the questionnaire tlie following questions 
V asked: hi what year is the study of arithmetic coihnicnced? 

^he four fundainentnl processes completed? The study of fractions 
* commenced? The ^tudy of fractions emphasized? Katio studieil? 
Percentage coniiuenced ?. ^ - 

The i\‘plies answering tliese sjjecific questions as to the order of 
work were, 4s follows: Number' was recxirded as commenced in first 
grade *in 71 J per cerft of the school sysUmis replying; in second 
4 —- g^de in *22 per cent .of the schools and in third grade in fij per cent. 
Hhe four fundamental process were reported as^ completed in the 
third grade in 5 per cent -of the schools replying; in fourth grade in 
78 per cent of the schools; aiid in fifth grade in 17 per cent. Frac- 
ti()ns were commenced in the first grade in 14 per cent of the schools 
replying, in second gradX in 21 per cent, in third grade in 17 per 
cent, in fqu^th gl’ade in 21 per cent, and in fifth grade in 27 per cent. 
Fractions were emphasized ii\^*the third grade in 2 per cent oTtWe 
schools replying, in fourth grade in 10 per cent of the schools, in fifih 
grade in 63 per efent, in sixtjr grade in 23 per cent, In seventh grade iV 
2 per cent. Ratio was studied somewhere in lower"^ad^ as a] 
^asis for later veork in 40 per cent bf the stJhools, in the middle! 
grades (fourth, fifth, and sixth) in 30 per cent of Schools and lefjr 
entirely for upper grades (seventh, eighth, and i^tb) m 30 per, cent 
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of the schools. Percentage was (fonimencod in the fourth grade in 
6 per cent of the schools, in fifth grade in HO per 'cent of the schools, 
in sixth grade in 45 jht cent, and in si*vcnth grade in 20 per lent. 

It is difficult to get at the real truth in any situation through a 
system of qui^tions and answers for Jhe reason that almost any. 
ipiestion which can be formulated admits of misinterpretation. By 
comparison of the replies to the (piesti^miaire with the j>rinti'd courx’s 
of study it was found that thq greatest-liability to misinterpretation 
lay in the first section of the qyestionnaire, which refers to the means j 
used to broaden the sih)[k^ of arithmetic. The replies throiighont the 
section iiicluded in many east's the si'venth and eighth years of the 
elementary school. l*his maki's it iuves.sary to interpret not only 
the answers in the eipiation and litcrij notation in n ditfepunt way 
from which the ri'plies indicatiul (attention has already lx*en cfldled 
to this), but the \ttittwe.rs ahso on the application of arithineti^o 
manual training, geography, and nature study. In' the second sed- * 
tion of the que.stionna’ii'e there was no difficulty. In the third si'c- 
tion there was some dilFerence in the interpretation of the ^question on 
the year in whi(*h numlK*r was commenciHl, In M'vcral sidiools where 
number was intriHhieed i(icidentally in the fii’st grade it was some- 
times recorded as commenced there and sometimes not. The report, 
theri'fore, gives an idea df an earlier commejicement of tht' forjnal 
study of arithmetic than ac.tually exists. There was a similar con- 
fusion Ix'tween incidental and formal work in fractions and ratio. 


Much incidental work in fractions is done in the first threi* years, but 
the study of a fraction as a frai'tion is left in the junjority of cases to 
the fourth and fifth years. Ratio forms the Ijasis of several special 
methods of teaching number used in many localities throughout the 
country. In such cases it is recorded as stndieil in thc^ primary 
gradiss. Ratio and proportion as such arc usually put down in the 
printed cOm*ses of study as work for the seventh and eighth years. 
The suininary is indicative of an advance in the work in general. 
One step forward is the tendency to broaden the scope of arit lime tic so 
that it is levs a series of exercises for the manipulation of figures and 
more <jf an introduction fo mathematics in general. If we may take 
the suiniiiary as typical of the state of affairs, the study of geometric 
forms is becoming; current, *and in the seventh and eighth grades the 
use of the equation, and of- literal notation is making some head- 
way, It Ls possibly wuse'that the latter are not used beloW these 
yeaj*s, owing to the fact that the substitution of u formal means 
of solving a problem for a chiid’s own natural logic is likely to 
cause confusion in his mind. The tendency to correlate arith- 
metic WHth other subjects^and make it u thoroughly praotical subject 
is strong. An equally striking c/emand throughout the country is 
the cry for the simplification of arithmetic through the use of smaller 
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miinl>ers, tlie eliniinatiaii of topi(\s, the sinipliiication of prohlems, 
luuh im (Miiphasis on mental rather than written work. The tendency 
is to limit the work to what coui(‘s witliin the ehihrs experience and 
exptH’t greater, efficiency within tlie narrojwr field. As to the pro- 
^M*an» of work tJiere is a tendency to In^gin nunilwr soinewliat later 
in tlie primary scliool than fonntM’ly; to devote the years Ix'fore tlie 
fifth jrrade to the four fundamental pnx'esses with intefr»‘r.i, tlie fifth 
<(‘ar to fractions, aiul the sixth year to fractions and per(vnta^\ 

Since the <’ities as a usual thin^ an' in advaiu'e i)f the snvdler com- 
nuinifies ami the rural districts and stTV(\ more or less as their 
leaders, the sun unary is more indicative of the trend of the courses of 
>tiid\* than of the state of things as they actually (*\ist. It shows a 
more advanced state of atCairs than would Ih‘ fouiul extant if an 
aveni^n* could he made of the work of the country as.aii entirety. 

IV. THE QUESTION OF EXAMINATIONS FROM THE POINT OF VIEW OP 

THE SCHOOL. 

.The s|).eciiic purpose of this seiaion is to treat the qu(‘stion of ex- 
aminations Tnim tin* point of view of tlie school in its prescmt stiitus 
aiul as tn its present tendencies. 

The main sources of data on which this report is based are: (1) the 
returns from the (piestionnaire, formulated in conjunction with the 
snlx'oniinittee on the nature of promotion in elementary schools and 
admission to secondary schools, and sent ojit l>v the TTiiited States 
(\)niit^issioner of Education, and^(2) the .siibcomniitteeV knowdedge 
of the uses being made of standardized tests." 

Of th(‘ • 1.000 (|uestionnaires returned. 427 were fully tabulated. 
Th(‘S(‘ were the first received and are Ixdieved to he representative. 

The suhjet't as assigned placed the ein|)hasis on examinations ns 
used and viewed! hy immediate school workers rather than hy super- 
intemleiits or e?iaiiiimng hoards. ITence tin* superintendents were 
requested to havje tlie questions answered by their jirincipals. This 
was done so as tio make the replies represent inon‘ ful^ly *Mhe ])oint 
of view of the School," An swim's from teacluTs would have repre- 
sented this point of view still more fully, l>ul the securing and 
handling of ^ sufficient nuniber to be representative of the entire 
country “lieemed Impracticable, 

(\>iiclusions hosed on returns from questionnaires must always be 
made guardedly. Caution is especially ne^^essary in dealing with 
these returns I>ecause of the unavoidable vagueness and overlapping 
of some of the inn^wers. How'ever, the tabulated answers seem to 
warrant the following conchisipns: 

1. The use of 'examinations is very general, practically universal. 
They are made use of to sortie extent in all grades above the second; 
102 of the 427 schools report their use in the second grade; twice as 
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many in the third: and in tlio fourth, fifth, and sixth grades ||[;pc’ti- 
cally all re|>ort them.* 

‘2. In this wry puiera'l ust> of oxaniinations the point of view of 
the school is coininonly reco^ized. This is clearly shown in the 
answers to the (jm‘stion, By whom arc the questions made t>ut ^ 
Only lOtl of the 427 wports show the «i])orintemlent making exam- 
iimtipn questions independently: i^20 show the teachei'S and .superin- 
tendents or supervisors in c(K)peration ; 203 show the teaeher making 
questions independently; only 48 ])rineipals are ivportiHl as making 
the (|uestions: and in Only 22 answers were thexe ivny State or county 
qutvstions rej>orted. - 

, 3. 4'lu*re is no agreement as to the fre<pieney of giving exanrina-. 
tions. One hundred and forty-two say month or les.s'; 124 

irregularly ; oo himonthly ; 48 (piarterly ; 180 twice per^year ; and only 
10 annuallw One conclusion seems safe, viz./that. the ])ractiee of 
giving finals" at the end of the year is decic^edly iincoinmon. 
Ilowevet;, the 180 gi\ing.them twice a year may imlicate some ad- 
ditional u^e as term eiul " tinals, 

4. The use of examinations stvms to lie decreasing somewhat. 4'wo 
hnndnMl and lifty-six si»y it'js ilecreasing, while 110 say increasing; 

97 re])ort no changi': 57 do not know: ami 19 stiy that tlu* nature of 
examinations is changing. 

5. The purposes for which jexaminat ions are giveirure not clearly 

indicated. There were only 99 of the 427 that gave ‘'aid in deter* 
mining promotion or giving marks'’ as a purjK)se, while ISl gave the 
answer, "to help the teaeher judge the efficiency of her teaching;" 
and 390 " to test tlie knowledge or power of the pupils." 'VVlule the 
vagioneas of the last answer makes it susceplihlc to sevenil inter])rt‘- 
tutions, taking the 390 with the 181, it is probably safe to infer thi)L^ 
the largest single piir])Ose of exa min a tions is to mea.su re j)rogres;s of 
pupils. ^ 

6. There seems to be -a clearly voiced desire for **1ilundardized 
test.s;’' 289 of the 427 answered “ Yes ” to-ihe qu<5s1ion, ‘‘ Do you be- 
lieve that there is any increasing desire fqr i^fnndardized tests?” and 
73 said that such tests would lKYde>ira1)le if available; only 92 an- 
swered “No” and 22 “ Not-desirable.” Those* who undei'stand the 
idea of such tests are enthusiastic in their approval. ' 

The questionnaire answers gave evidence that standardized tests 
are not widely known; that they are comparatively little used; but 
that there is a present tendency to do so, since several repre^ntativc 
schools are making use of recently published in book form.* 
These tests are^tandardized in that^,«under identical circum^ance^*, 
they have beei^sed to measure the abilities of pupils m the-secohd 

* Arlthmettral Abllltiefi, by C. W. Stone, Teacher* College BuVenn of PnbllcatloDR, Co- 

lombia uaiverilty. • ! 
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half of tho sixth school Year in representative i^ysteins of s(* *hm)ls; 
ami in that the res|>trtive achievements of thest' pupils an* ^iven in 
the'' lx>ok. ' By using these tests as directed anyone can determine 
vIk'iv his pupils s(and in the esM'ulials of aritliiuetii* l\s companHl 
V iili the pupils of some of the lx‘st systems in tlu* rnitoiJ Statts. 

Accounts of four of the of these standardized te.‘^s have re- 
cently Ihvu pnhlished. The most nvent of the^' articles is hy Mr. 
d. C. Brown, of the Horace Mann High Scliool. New York City, who 
used the ‘‘ f iindainenlal " test as a basis for determining the value 
of drill . 

AnotluT nxvnt investigation in which the Ie^ts were. ust'd was made 
by l*rt>f> \y. S. Smile}’ at the Slate t’jii ver-ity td Iowa. IVof. 
Smiley measured and compared the arithineticai abilitie.'^ of one 
n»oin of rural sidiool pupils and graded town school pnpils.- 

Me.ssrs. Birekhead aii(hSomeiN, |>rincipa)s of scIukiIs at lioni^^^^ Va., 
and RimI Hill, Va., respectively, umhI the tests to measuiv arithmetical 
abilities in six repiv>entative public >ch(X)Is of Virginia.^ -- 

'I’he most extensive study utilizing fhes<* tests that made by Mr. 
S, .V. Courtis, of the Detroit Home and Day St1io(d, a private sclux)! 
f(»r girls hi Detroit, Mieh, Mr. ('ourtis is using the tt*sts as a metfns 
of dt‘U*rm4ning the etTects *>f certain changt^s in the leaehing of the 
malhematb's for wliieli he is responsible. .Mr.' Courtis has written 
a muhiKTof articles on the subject; ho says in conclusion: 

More ilinn all^se, it Ims» piovo-t c(MK‘lnslvely to the writer .at least, timt It 
is nractlcaJ>le’to niensim* not only ilie »:eneral (iaidiiioii of nritlnneife teachhftt 
Iliron^'lio\it n whool, tlie j:ro\vtIi in liltilily mid elfirirm j froui ^ntde !•» ^rnule, 
(leftHts and iummIk of any one ^rraUe or lii<Uv!(In;iI, hut the rfr^H’Is nf rlmi;^;eK 
in ine*h(Hl or prtK'tilure as well.* ' 

The value of standardizinl tests ha^ apjx'aled so strongly to Mr. 
Courtis that he has RMH‘ntly.puhlishe<l a set that are by far jlu* Ih'sI 
(‘xtant; ^ and mat hematics teaching will doubtless lei-eive even grtniter 
help from him in the near future. 

AnoUier use of these tests may he illustrated l>v te'^ls rec^ently given 
to deteriniiu' the effects of changes in teaching. When tested in 
llK)7 the piipils of a certain scIkmiI made a score of 4<»S p(^^nt^ per 1(K) 
juipils in reasoning, and {K>ints per 100 pupils in fundamentals, 
. Tn 1010 the pupils of this same Vvstern made a seore of (107 in reason- 
iiig, a gain of 139, and a score of 2,833 in fundamentals, a gain of S22. 

* An ioTPstiiratton of tho ralU4» of drill work In tlio fundamontal oporaUonH. .lournal of 
Educational I’uychology. February, Iflll, 

comparative study of the roaults obtained in Instruction in the “ sii^rle trarlH»r ” 
rural school^ and the graded town whpols. Elementary School Teacher (Univeraity of 
Chicago Press), January, 1011. 1^ 

* How do our Vlri;luta achools atand in arithmetic^ Virginia ,&mal of education 

(lUchmond, Va. ), Slarch, 1010. ' # ■;'> 

‘Elementary School Teacher. Octobo^ and I)eceraber, 1000. and niK*emtx‘r, 1010. 

°Tbe Courtis standard teats In arithmetic with manual of Instructions for giving and 
gcortng. & A, Courtla, 441 John B. Street, Detroit, Mlcb. 
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Thus the use of these tests indicate’ that in this school the present 
teaching of arithmetic produces considerable more ability in the 
essentials than did the teaching of 1907. 

.Another purpose for which these tests are l>ein^ piven is to measure 
the effect of such fadical chants in administration as omitting all 
arithmetic work from grades one and two. This e\fMM*iment has l>eon 
tried in several cities in New England, in a few on the Pacific coast, 
and in one ire the Middle West, 

^he question that immediately arises is, How well do children learn 
arithmetic without dts being tauglit during the first two grades? 
This question is being answered by measuring the abilities of chil- 
dren so taught and cornparing them with the achievements of children 
who have had arithmetic teaching during the ffr.st two grades. Tn 
one of the above-numtioned systems the last cla.ss of pupils in the 
second half of the sixth ^e, who had had arithmetic teaching in 
grades one and two, were measured. During the present schpol year 
the first class of pupils w^ho have not had arithmetic teaching in 
grad^ one and two Avill reach the .second half of the sixth grade. 
The abilities of this class will be measured and the results of meas- 
uringfthese two sets of pupils from the same system, together with 
the ifeult.s from the original twenty-six systems, will constitute the 
basi| of a comparative study whicli may yield objective data for an- 
sWlerjiig questions concerning the advisability of omitting arithmetic 
tcaclHng from the fir's! two grades,* 

"TI4 question of examinations from the point of view of the scliool 
may fte summarized as follows: 

1. ^aininations yre used in -some form in some grades in pi-ac- 
tically*all scliools, 

2. The point of view of the school is la I'gely. recognized. 

' 3. As to the purpose of examinations and their frequency there ui 

•no agreement. 

4. Their use is probably decreasing, especially the u5e of “ finals” 
as the mairi basis of promotions, 

^^There is increasing desire for “ standardized tests.” 

^6,'These tests are beginning to be used to measure the relation be- 
tween the theoriestand products of arithmetic teaching; and as a 
means of securing dtrta from which the Irest procedures can be deter- 
mined. 



’ or conrso. the danger of fallacy )jerel8_cyident. The abolition of arithmetic In grades 
one and two mdy have been accompaitftod^ more entbualaatlc and aklllful teaching after 
the se^nd grade, or by even a greater amount of time being devoted to the subject, so 
the results of such a xomparlson must be guarded by checks. 
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V. THE METHODS EMPLOYED m TEACHING ELEMENTARY 
MATHEMATICS.' 


I. SCOPE OP THE BTUDT. 

It is the fund ion of this study to convoy siinio notion of the in(|thods 
employed in teachrnj; inatlieinatios wi the first six grades of the 
American elementary school. 'No attempt is u;iade to give a minut^ 
description of the eiuliess details of teaching procedure, nor e\'^T 
to enuinefRte all the typgs of teacliing method einployecr. Its pur- 
pose is restricted to an analysis of the larger tendencies in teach- 
ing j)ractice whicli are representative of the s|)irit of niathematicar 
instruction in the lower schools. 

Owiitg to the existing confusions, if is well at the very outset to 
have in mind a clear definition of the term “teaching methods.” 
Teacliing methods are always, methods of piesentation. In this re* 
spect the teaching art is like any other art, literary, graphic, plastic, 
or what not. The literary artist, for e.xam'j^le, has a purpose, a sub- 
ject matter, a particular audience, and a special style of presenta- 
tion. All these factors are present in the teaching art. The aims of 
instruction, the particular facts to he taught, the immaturity of the 
child taught, and the inevitable personality of the teaclier determine 
th(* style of instruction, or,Mo use our own “trade word," a method 
of teaching. Every teacher, then, Injs a style or method^con^cious or 
unconscions, good, had, or indifferent. Unlike the litcwary artist, he 
has many ends to serve rather than one. llis functions are general 
to life, and include moral, social, and [lersonal ends, as well as those 
that are irsthetic. His methods of coiumunication, too, are more 
than one. He presents his experiences object ivcly and graphically, 
as well as through the medium of written words and speech. Always 
the teacher's end is to stimulate ^owth through the presentation of 
experiences. ^^dIen that jiresentation of exiierieiu'e takes a form and 
order different from that usual to adult life for the ]>rex?ise purpose 
of making the fact more readily" comprehensible by the immature 
mind of the child, then that modification may Ik», called a method of 
teaching. Teaching methods lire always special manners of readjust- 
ing adult wisdom to the special psychological conditions of a student's 
mind. 

In the concrete, methods of teaching would always represent some- 
thing particular to a situation, and ns variable as situations arc 
variable,. Life is never just the same at any point, certain es- 
sential similarities exist and give us the opportunity to interpret life 
in terms of law. The^same may lie said of the teaching life. • In a 


*Thts part of the report was prepared by Trof, Uenry Sua^allo. Teachera College. Co- 
lumbia Unirorsity. Now York CUy. . In morn oxtondod form U appeared In the Teachers 
College Record for Marcb^ 1011, n 
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sense it never repeats itself, yet to the that the same end, the 

same subject matter, and the same immaturity of mind recur iirclass- 
rooms, teachers will tend to similar modes of adjustment. In 
, describing mathematical teaching in the primary schools, it is these 
similar rntnles of teaching adjustment, these similar “general 
methods'’ that we shall descril>e and analyze, ^ 

- It will be unnecessary to have a separate treainient of the “ general 
methods” of mathematical teaching for public schools and private 
schools. Whatever may be said of the State-supported schools will 
in general he true of private institutions. It is true of elementary 
schools, as*it is not of secondary and higher schools, that private 
institutions hold a relatively inii>or place, as compared with public 
or State sohocfls. They are in a sense mere adjuncts .to the public- 
school system, claiming, iit the generality of cases,' no real ditfercnce 
in their ideals and methods of instruction. 

It will, perhaps simplify the task of this study and make its treat- 
ment more thoroughly repi'esentative of all conditions, if the general 
riiethods described Ik‘ restricted to that field which is most character- 
istic of the first five or six years of mathematical instruction, namely, 
to the teaching of the fundamental processes of manipulating inte-o 
gersjind fractions along with their ^mple applications to concrete 
problems. * 

While the aspects of mathematical instruction here studied and 
presented are selected because of their representative nature, it w^ouhl 
be unwise to restrict ourselves to a statement of the commonly ac- 
cepted procedures of schoolroom -practice, Thei*e are in America 
certain reform tendencies which are as characteristic of conditions as 
are the conservative practices. These nuKlifying forces need to l)c 
mentioned along with the practices that they alter. Again, there 
are certain scientific efforts, now well underway, to study the {Prob- 
lem of methods in teaching. While these have, as their iminedtatc 
aim, the acquisition of new' know ledge rather than direct educational 
reform, their ultimate effect will be to change methods of teaching. 
For this reason they are important, and have a proper place, in this 
presentation. 

II. THE INTLITENOE OF AIMB ON TEAOHIKO. 

The purposes of mathematical instruction in the elementary school 
must always be very influential upon method. It makes a great dif- 
ference whether one is#merely teaching ^the elements of mathematics 
or is teaching mathematics as a tool for business life. 

THE INFLUENCE OF A 8C1ENTIFI0 AIM. 


It has not been long since the aim of mathematical teaching was 
merely scientific. The facts taught were the beginning of a science, 
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and th6 end was to obtain a foundation for more advanced facts of the 
saint? kind which were dependent upon this founejation. As the 
teacher had Jeai iied his nuitheinatics, so he taught the subject. To a 
considerable degree as the master’s adult mind classified the facts 
of the subjeM, so he presented it to the child. His methods were 
logical rather than i)sychological. lie gave the finished product or 
prtH’css to the child without sj>ecial nuxlification Ij^cuuse the child 
was immature; u roundabout method that slowly approximated and 
only finally achieved the full result was with such a teacher ex- 
('c])l ional. 

Such a scientific aim, implicit rather than expressed, dominated the 
methods of teaching when arithmetic was handed over to the elemen- 
tary schools by the higher institutions of education. As the first 
|)»iri)o>e to be n>oted in the traditions of mathematical teaching it 
still p(?rsists with all the rigidity of a conservative force. Teachers 
still tend to teach futuit? workmen in the lower schools as they them- 
selves were taught by scientific scholars in the universities. And 
high school and college instructors still imj)Ose theif standards upon 
I lie lower schools so as to influence their methods of instruction. As 
the piirjioses of higher instruction still remain largely scientific in 
purfioM? and method they give aid to the persistena? of an original 
tradition in the elementary ^hools. ' Und^r suMi an influence the 
worth of a mathematical fact is measured hy its place in a logical 
scheme, rather than by its significance and recurrence in ever}^day 
life. 1 he mathematician may need to know aJl al>out the names of 
the places in notation and numeration; the layman cares only about 
the accurate reading .and, \^iting of numl>erfv and. not at all about 
the verbal title of units of thousands” place. Again, the rational 
needs of a thinker about mathematics may require an understanding 
of the reasons why wo earrv " iii column addition, but the effective 
everyday use demands, an accurate habit of “cajrying” rather than 
nil accurate exiilaniUioii. Vet just such methods persist in our schools 
Ix'cause of the domination of a scientific treatment of the subject. 

The rtunoteness of such mathematical teaching from the needs of 
common life constantly threatens the loyalty and support of the 
public. Some defense becomes necessary, on other than scientific 
grounds. Such a sanction could not Ih^ found in utilitarianism, for 
the waste was evident. It remained for a psychological theory to 
sketch a defense upon “ disciplii^iry ” grouhds. The doctrine of 
" fonnal discipline ” says that such roathematical teaching trains the 
powers of the mind so that any mastery gained in mathematics is a 
mastery operating in full elsewhere, regardless of the reiRoteness of 
the new situations from those in connection with which the power 
or ability was originally acquired. 

1442®— 11— 7 
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The effecf of such doctrine is to defend and porpetnate every 
obsolete, unimportant, and wasteful practice in tlie teaching:. of mathe- 
matics. No matter that partnership as tauglit in llie scliools liad its 
original sanction in its» close correspondence to the reality of business 
practice: no matter that the old sanction had passed: teach it now for 
its ability to discipline the mind. This questionable psycbologicMl 
Jfjtnctrine, said in consequence, “Whatever is, is right!'’’ No matter 
that “ life insurance ” toiuhes more men than “cube root the latter 
should Ih‘ kept InTause of its power to train the mind. In life, where 
“approximation'’ of amounts suffices, the teacher demands al)solule 
accutacy, and the ethical worth of such precise truth, is the high law 
for its defense. Regardless of the truth that is concealed in the. 
doctrine of “formal discipline," it must, l>e confessed by those who 
know the history of teiiching methods in the Ignited States that it is 
the main defense of conservatism and the largest cause of waste in 
teaching methods. 

vSuch has heen the ground upon which recent odii rational tefoi'in 
has operated. Slowly tlie older scientific and disciplinai'v aims of 
instruction have given way to the newer purposes (tf business utility 
and soeial insiglit. In tba't step n large transition was covered. 
Before tlie school hud measured the wortli of its work by 
standards internal to educational institutions, the schoolmaster 
and tlie scholar, rather than the man on tlie street, had formulated 
the st'ientific classifications of mathematics and expounded tlie doc- 
trine of formal discipline. Hereafter the measure of ellieient school 
insU’uction is a reference to standards external to tlie scliool. the 
product of conditions outside of school life. Bhsiness nooti and social 
situation determine if a fact or process is worth comproliending. and 
whetlier the method of instruction has been ofTective. 

Business utility, coming at a time when the elementary -school 
course was felt to lie overcrowded, met with a . ready receplion. It 
operated for the time being ns the standard by wliicli materials ami 
methods in aritlimetic are to be eliminated, if not actually selected. 
Materials not general to tjie business world, .siicli a.s tlie tabIc..of 
troy weight, wer^^ therefore eliminated. Processes of computing in- 
terest infrequently used were supplemented by more widespread and 
up-to-date methods. More doing.und less explaining cliaractcrized 
the instruction in adding columns of figures, and such manipulation 
mimicked the exatt conditions of its use in the world at large. If 
strings of figures are usually added in vertical columns in the busi- 
ness world, then they should be taught in vertical columns more 
nearly exclusively than before. The obsolete and the relatively 
infrequent, the over-complex and the wasteful processes of the old 
arithmetic tended to disappear. More than any other influence this 
aim^ of business utility has cennbated the overconservative influence 
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of scientific and disciplinary aims which dominated pre'uioiis decades, 

Tlie newer methods of teaching have kept the best of the old move- 
ments. The work is still scientific in that it is accurate; it is still 
disciplinary in that it trains; but the truth and the training which 
are given are selected by and associated with actual business situa- ^ 
tions common to everyday life. 

There is evidence in the pre^mt thought of teachers tlint a broader 
utility that of the business world is l>eginning to obtain in the 
schools. The general Increase in the social consciousness of the 
teacher is reflected in mathematical instruction. Everywhere in 
these days the American teacher and the educational ^^Tite^ speak 
of the social aims, of education. The influencx' of the social aim of 
instruction upon mathematical instruction is subtle but obvious The 
business man's opinwm with nTerence to arithmetical instruction is 
not always taken ns gospel. There are other standards. ‘‘AVhy,” 
sijys the schoolmaster, “sliould I train people for your special needs, 
any more than for the , demands of other trades that men ply? To 
l>c sure, our graduates do not fit perfectly into your shop at once. 

But that precise and local adjustment is the wmrk of the business 
course or of shop npprentice^ihip. My function is to tniin men for 
the situation common to all men and special to no class. The eleinen- 
taiy school is a school fpi* general ailture or social appreciation, not 
a business college or a trade school.’' The s(K*iologist usurps the place 
of the business man as the sehobl's proper critic. 

The situation to-day as influenced by existing aims is onje of tran- 
sition in which old and new purposes mingle with uncfpial force in 
giving us a mixed process of instructing American youth in arith- 
metic, Old materials and nudhods still j)t rsist, for logical and dis- 
ciplinary ideals still hold: hut the newer n^gimeii ushered in by the 
drtnands of business utility and social understanding gains ground. 

The obsolete, the untrue, (he wasteful methods pass from arithmetic 
teaching, and the pressing, modern, and useful activities and under- 
standings enter. Arithmetic is less abstract and formal as a subject 
than- it was; it has l>ecome increasingly vital and concrete with real 
interests, insights, and situations. The grind of sheer mechanical 
drill decreases in its teaching, and a reasoned understanding of 
relations, in some degree, at least, is substituted. Aitificial motives 
ami incentives arc less frequently used to get work done, and the 
appeal of live institutions for a quantitative solution and under- 
standing increasingly asserts itself. 

. m. THE EFFECT OF TKE OHAHaiKC STATUS OF TEAOSIHO METHOD, 


Teaching method in the school is primarily a readjustment of 
forrn^ of knowledge and experience so as more effectively to stimulate 
and improve the immature responses of children. Two important 
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movements have been responsible for the development of special 
methods of teaching during the past few decades — one is humanita- 
rian and the other sciejitific. On the one hand, there has In'en a 
growth in reverence aiid sympatiiy for childhood. As yet it has 
scarcely expresised itself with fullness. , The wide acceptance of the 
“doctrine of interest " in teaching; the enrichment of the currieu- 
Inm; specialized seli(M>ls for truants and defwUives; individual in- 
struction — these are the schoolmaster's recognition of the moilorn 
attitude toward chilJho(^l. Under such conditions teaching becomes 
less and less a ruthless external iinj)osition of adidt views, and more 
a«jneans of sympathetic ministry to those inner needs of child life 
which make for desirable qualities of character. While it is true 
that teaching method is a eoiidescension to childhood, it is a scKMally 
profitable condest'ension in that it is a guarantee of more effective 
and enduring mastery of the life that is revealed .at school. Since 
the child's acquisition tends the more to U' part and i)arcel of his own 
life under sqch sympathetic teaching, the products of such instruc- 
tion are enduring. 

Such a humanitarian movement naturally called for knowledge of 
the child. The wisdom of (V)minon sense soon exh;^ists itself and 
more scientific data is demanded. Thus the ‘‘ child sttidy niovement " 
came into existence. Since then, a saner psychological foundation 
has been laid for educational procedure, one which is criticising and 
reconstnieting teaching method at every turn. HUherto teaching 
methods had been improved fitfully through a crude empiririsin. 
Now a body pf general psychological knowledge, rich in its criticism 
of.old methods and in its suggestion of new meqns of j^rocedure, gives 
a stueiltdic basis to teaching method. . 

The public elementary scIum>1 teacher is conservative indeed who 
will deny that there is anything worthy in the notion of “ method ! 
As a c'lass, teachers have faith rn the s])ecial professional twhnique 
. which is included under the term. They are critical of the many 
abuses which have l>een committed in the name of method. Method 
can not be a substitute for scholarship. It can riot be a “ cut-and- 
dried ” procedure indiscriminately or uniformly applied to class- 
room instruction. Like every* other technical means, teaching method 
is subject to its own limitktions and strengthens a fad which the aver- 
age teacher recognizes. 

In spite of the fact that the majority of elementary teachers keep 
reasonably sane on the problem of method in teaching, it must be 
admitted that a considerable proportion of teachers are inclined to 
be attracted by systenis of method that grgatly overemphasize a single 
ekment of procedure. The hold w hich the ‘‘ (inibe method ” with 
iff unnatural logical thoroughnes,s and progression gained in this 
cQuntry two or three decades ago b scarcely explicable to-day. 
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Scarcely less baffling is the very large appeal made by a series of text- 
books which laid U)e stress upon the acquisition of arithmetic througb 
' the idea of ratio and by means of measuring. Manual work as the 
source of arithmetical exjx*riences another special emphasis, which, 
like the others, has had its enthusiastic adherents. Again, it is 
‘'arithmetic without a pencil" or i^ome ^ther oterextension of a 
legitimate local method into a “ panacea " or “cure-all " which corn- 
fronts us. The prdinulgution and acceptance of such unversatile and 
one-sided systems of teaching method are indicative of two defects 
in the professional equipment of teachers: (1) The lack of a clear, 
scientific notion as to the nature and function of teaching method, 
and (2) a lack of psychological insight into the varied nature of 
classroom situations. Untnuned teachers we still have among us, 
^ and (ithers, t(H), to whom a little knowledge is a dangerous thing. 
These are frequently carried away by the enthusiastic appeals of the 
reformer witJi a system far too simple to meet the comple.x needs of 
humai\ nature. Our experiences seem to have sobered us somewhat, 
the increase of supervision has made responsible offietTs cautious, and 
increased |)rofessional intelligence has put a wholesome dumper upon 
naive and futile proposals to make teaching eas^’. 

A more serious eVil than that just mentioned is the tendency of the 
supervising stall’ to overpri*scrilx‘ specitic methods for classroom 
teachers. Hecently there has developed, more particularly in large 
city systems, a tendency to demand a uniform* mode of leaching the 
same school subject throughout the city. This has been brought 
about by the prevalent tendencies of layge school systems to centralize 
their autJiority ami demand uiiifQnnity of procedure. The prime 
causes of this tendency are to be found (1) in the specialization of 
grade teaching, and the interdependeiux^ of one teacher on another; 
(2) in the mobility of the school popidation which ijivolves consider- 
able lost energy if teachers do* not operate along similar lines. 

The result of such imposed uniformity is a reduction of -sponta- 
neity in teaching. The process of instruction proceeds in a more or 
less mechanical fashion, the steadier working for bulk results by a 
persistent and general appli(*ation of the methods laid down. That 
teaching, which at every ^honient tends to adjust itself skillfully to 
the changes of hunia© doubt interest, difficulty and success, dis- 
couragement and insight, now taking care of a whole group at once, 
no^* ^aiding an individual straggler, now resolutely following a pre- 
' scribed lend, now^ pursuing a line of least resistance previously unsus- 
pected, can not thrive under such conditions. It stifles teaching aa 
a fine art and makes of it a mechanical business. Under these con- 
ditions only those activities which fit the machine routine can go on. 
Thus it happens that we memorize, cram, drill, and review, and soon 
the subtler processes of thinking and evaluating, which are the best 
fruit of education, cease to exist. 
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Fortunately the one-method system of teaching will s(K)u belong 
to the past, and the imposition of uniform methods is beginning to 
lose ground even in our cities. For the most pflrt, the coimnon senst* 
of teacher' and thp positive statemc^its of our heiivr theorists keep 
teaching methods in a position of useful status, 'reaching metluKls 
* should l)e ii>Hnitely variable the conditions calling for their ire.are 

endlessly changeable. Not one method but many ni*e necessary, for 
their function is supplementary rather than computive. No one 
method should be used with a preestablished rigitlity: each , must In* 
flexible in its uses, so as to accorii^)lish the \ aried work to Ih^ done. 
The teacher directly facing the intellectual and emotional cri>t*s of 
childhood is the In^st interpreter of conditions and the lH*st chooser 
of the tools of workmanship. The su|H‘rvisor may atlvise and may 
point out certain fundamental laws of growth and j)roeedur(‘ : i)Ut 
the concrete method which is the a])]>lication of these must Iw of the 
teacher's making. 

- Arithrnetinil teaching, like the instruction in other subjects, has 
suffered from these widespread ventures of teaching method. In this 
resjx'ct it has shared the common professional lot. Hut h\ addi- 
tion it has had special difficulties and adventures of its own. We 
hove now to note those s|H‘cial phases of teaching method which are 
peculiar and local t.o inatheinatical in^tniction. 

ZY. VETHOD AS ATFECTED BY THE DISTBIBUTIOM AKD AERAKOEMEMT OF 
AEITHMETICAI, WOKE. 

THE TENDENCY TO\V.\BD SllORTKNlNO THE TIME DISTHIHVTION. 

Several decades ago arithmetic, as a formal sui)ject, was i)egun in 
the first school year and continueil throughout the grades to the la.st 
school year. This is no longer a characteristic condition, much less 
a uniform one. There have been forces operating to complete the 
subject of arithmetic prior to the eighth year, and to delay its fir^t 
systematic pre.sentation in the primary guides for a period varying 
from six months to two years. 

The attempt to shorten the period of formal instruction in arith-^ 
metic has had its effects upon the methods of teaching as well as 
upon the arrangement of the course of study. The presence of a 
large number of childiyn who leave school by the seventh year, the 
example of a varied European practice, the overcro\vded curricu- 
lum — all these* have combined to suggest a shortened treatment of 
arithmetic. Hence economy, fiirough the elimination of obsolete and 
unimportant topics in the course of study and through better methods 
of instruction, has become a pressing matter. Its influence on method 
is obvious. 

It has focused attention upon “ teaching method ” and given it an 
increasing imp6rtance in the eyes of mathematical teachers. Specifi- 
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cAly, it has tended to reduce the amount of objective work, to elimi- 
imte tlie explanation or rationalizatioiiM'if proee,sst?s wliich in life 
arc done automatically it has inado teachers satisfied with teacliing 
<mc manner of solution wlierx* Ix^foi’e two or tlm*e were given; it haf:^ 
laid the einjdmsis nj)on utilizing old knowledgi* in new j)h>i'Os, rather 
than on ac(piiring iiew ineaiiji. ' 

Th(‘ hy-produet of this iKdief is that any arithmetic taught <lnring 
Jlicst* first few years should be taught " ipcidentally," as a (diaiKX^ 
aivompaiiiment of nheir "other stiulies. Only after om^ or two years 
of i?ieidental work should the formal arithmetic*, instnu’t ion In* givcuu 
'I’liis ** incitlental '■ method of t<*aehing Ix^ginners is diflictilt to esti- 
mate. It has heeii so varionsly treated that a ,comj)arati\e measure 
of its wort li. is diflfeidt to obtain. The content ion that children who 
are taught incidentally for two years and systematically for two 
years more have at the end i»f four yea in of school life as gopd a 
command of arithmetic as those who have had a systematic cptirse 
through four scluxil years is difficult to suhst:Aitiate or deny on scien- 
tific grounds, Soihetimes “incidental" teacliing rc^juind hy the 
|V(miNe of study Inn'oines “ systcanatic’ " in the hand^ of llie teaelien 
^^ometiines the two years of “ systematic" teaching tliat^ollows the 
incidental teaching means more than two years, since the teacheiN, 
ill order to eateh np, give nioiv time and emjihasis to tlu* snhjeets 
than the relative time allotment of any general sclii*dnlc‘ would seem 
to warrant. Such have been the facts frtH|uently revealed hy a class- 
re a>m iiisj)Oction that penetrates beyond the c6nrse of study, the time 
schedule, and the regulations of the scIumiI hoard. 

In the* lack of specific comparative measures of the worth of sneh 
metliods of instruction, there is a growing (’onvietion (1) that begin- 
ning scluMil ehilili'en are inahire enough for the .systenuftic study of 
all the arithmetic that the imxhTn (*onrs<* of study would assfgn to 
llies(* grades: (2) that considering the (piantity and (luality of tlieir 
e.xperiences they can think or reason ijuite as well as memorize; and 
(‘t) that what the school requires of tlie cliild can he Ix'tter done in 
a responsible, sy.stematic manner tluvn by aily liaphazard system of 
incidentaKinst ruction. ^ 

These reactionary attitudes l)V no means imply a return to sys- 
tematic teaching of aritlunetic in the first tw’o scliool years, nor to 
siu‘h formal methods as liad previously been employed. Other 
grounds forbid. The crude, uninteresting memoriter methods of the 
I)ast^have gone for good. Objective work, plays, games, manual ac- 
tivities make arithmetical study easier and more efficient. Indeed, 
these newer methods liave been n large factor in convincing teachers 
tliat children have the ability to master the first steps in arithmetic 
during the first two years. 
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There are other problems, of m^hoci that are not much con- 
cerned with the bepfinning of the study of arithmetic, or with tlu* 
span of sdhool life that the subject is supposed to cover. These deal 
with the arrangement of subtopics, within the coutst» of study, or 
with the manlier of progression from one asj>ect of arilhinetical 
experience to aJiother. 

Tlie methoiLs that have been employed in the Tnited States for 
the j^rrangenient or ordering of topic.s within the course of study 
have varied considerably from time to time, but all tl»esi* variations 
may. be grouped around two typs: (1) The logical'* types of ar- 
rangement and (2) the ‘'psychological" typs of arrangiMnent. If 
the course of study proceeds primarily by units that are characteristic 
of the mathenuiti(*s of a mature adult mind, the type may be said 
to be “logical,*’ Tf the cmirse of slmly pnxwds primarily by units 
that are characteristic of the manner in which an immature child’s 
mind appn>aches the subject, then the type may be said to lx* 
“psychological.” 

The older “logical” plans are tlion)ugh ami definite in their de- 
mands; the teacher always knows just what he is about. Unt sue!) 
a system of {>r()cedure is unnatural and remote from the child: it 
lacks a])|x*al. and^iof iVc. The child pursues Ihe snliject as a task 
laid down for hii™iot as an answer to lus own ('uriosities or necessi- 
ties, The nowerVpychologicai plans meet the dilTereiit* hovels' of 
child maturity effectively; they are nearer the natural order of ac- 
quiring knowle<lge. But it is not easy for the teirt'hors to keep 
accqijnt of the work of their own, previous, or sul>si*<]m*nt grades. 
Nor does the supervising official find it easy to Io('afe res|M»usil>ility 
for definite arithmetical subtopics. As an onlei* of tihiching it is 
psychologically natural hut atlministratively ineffective. 

The result is that to-day the two typs of arrangement are modi- 
fying each other and giving a mixed motlmd, partly logical aiul 
partly psychological. That line of least resistance in which the ciiil- 
dren study arithmetical facts and processi's with greatest success is 
modified by definite demands that topics, e. g., addition, be mastered 
thoroughly “then and there.*’ The nietluxl is partly “ topical” and 
partly “spiral.” The child in the siH'ond gra<le may have a little 
(If all the fundanvental processes, a few simple fractions, and United 
States money, but just there he will lx» held definitely n‘sponsible 
for a very considerable number of the atldition coml>inations. The 
pupil may have had fractions in every grade, but the fifth grade will 
Sb respnsible for a thorough and systematic mastery of the same. 
Such is the mixed method of arrangement which is to-day prevalent 
in American schools. 
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T. ovxorm txaokivo. 

'The use of objects in teaching arithmetic is current in tlie ele- 
incntor}' school. ^ Particularly is this true in the lowest gravies of the 
.'^(*luH)l, in jTiriiuary work. It may be saitl that there is a very large 
quantity of objoetive teaching ip the first year of srhool and that it 
diH'renses more or lessgnulually as the higher gra<Ies ai\' approached. 
Ity the time the highest grammar gravies are jea<'hed the use of 
(>]>jee1s lias reached its minimum, the underlying iftf^suinption Ixung 
tliat the use of ohjects has a teaching value that decriMises as the 
maturity of the pupils increast\s. ^Current practice does not proceed 
far lH\vond the application of the simple and soniewdiat crude 
psycliologicarstateniont that the youngt»stAdiiUlrcn must Iur\*e much 
object i.ve teaching, the older less, tlie oldest h*ast of all. 

Keform in the dirivtion of a more refined and exact use of object 
Usu’liing has already suggested itself in the treatment of fractions and 
mensuration, wliei*e, regardless of the increasetl niarturity of tlie 
ehildreii stmlying these topics, a large amount of^objiH’tive method 
is> 4 tilized. Tliis is a eonsidenihle departure from the slight objective 
treulnient of otlier arithmetical fopi(*s taught in' the same grades. 
Such exceptional praetires suggest that the novelty of an arithmetical 
topic is the condition calling for objective work in instruction. Tt 
is immaturity in a f^pecinl subject or situation which de^mines (he 
amount of Imsar^ohjective work. The correlation is not with the age 
of the ])uj)il hut with his exjierience with the sjiecial problem or sub- 
ject in hand. It is, oi course, true that the lass ex|>erienced the 
student is the greater the likelihood that any subject presented will 
bemovel and strange. Only in this indirect jnannor does the novelty 
of subject mirtter coinci<le with mere youtli /is an essential principle 
in determining tlie need of objective presentation. Tli^‘ naive as- 
sumption of the older enthusiastic reformers that objoclive work is 
a g(Kxl thing psychologicrilly, one of which the pupil can not have 
too imich, is hy no moans the acceptcnl view of the new reformer, 
Witli the latter, objective presentation is an excellent method at a 
given stage of immaturity in the special topic involved, but it may 
be uneconomical, even n^lfobstacle to efficiency, if pushed beyond. 

There is then a certain coincidence of the scientific criticism of 
the psychologist and of the common-sense criticism of the con^ 
sorvative teachers who look suspiciously upon a highly extended 
object teaching. The teachers, on grounds of experience, say that tbo 
much objective teaching is confusing and delays -teaching. The 
psychological critics say it is unnecessary and wasteful. The result 
is that, in these larter days, the distribution of objective work has 
changed somewhat. More subjects are developed in the higher grades 
through objective instruction than beface. Perhaps no fewer subjects 
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in the lower grades are presented obje<^ively, but the extent of 
objective treatment of each of these has undergone considerable 
curtailment. 

• The existing defects in objective teaching are not restricted to a* 
false placing or distribution. The quality of teaching with Ae aid of 
objects is likewise open to serious criticism. Object teagjiing is a 
device, so successful* as against prior nonobjective teachhig that it 
has come to be a standard of instruction as well as a means. As long 
as objects — any convenient objects — are used, the teaching is regarded 
as good. Given such a sanction, the inevitable result is an indis- 
criininating use of objecfe. Tlie process of objectifying tends not 
to be regidated by the needs of the child’s thinking life; it is de- 
termined oy the enthusiasm of the teacher and materials convenient 
for school Use. 

Tlio first fact which asserts itself in observing objective teaching 
is the artificiality of the materials employed. Primary children, 
count, add, ftc., with things they will never be concerned with in 
life. Lentil^ sticks, tablets and the like are the stock objective stuiT 
of the schools, and to a considerable degree this will always be the 
case. Cheap and convenient material suitable for individual ma- 
nipulation on the top of a school desk is not plentiful. -But instances 
where better and more normal material has been used are frequent 
enough in the better schools to warrant the belief that more could be 
done in this direction in the average classroom. The “playing at 
store”, the use of actual applications of the tables of weight and 
measures are cases thaCmight be cited. 

The material used are not only more artificial than they need be, 
but they are too restricted in range. More forms of even the artificial 
material should be used, thus minimizing the danger of monotony. 

Even the iiarjow range of materials in general use might in better 
employed than it is. T^re is, of course, a distinct tendency to vary 
tfte objects, merely becal^ a child getslired of^it as a material. It 
is Itoo frequently the case that the teacher will treat the fundamental 
addition: combinations with one set of objects, e. g., lentils. In all 
the child’s objective experience within that field there are two per- 
sistet|t’ associations — lentils ” and “ the relation of addition.” The 
accidental element has been emphasized as frequently as the essential 
one, ai^d being concrete has had even a better chance to impress itself. 

The hfi^^ure of *the materials proper to objective ^aching has likewise 
been toi narrowly interpreted. Objective teaching has meant almost 
exclusively instructing or developing through three-dimensional 
representation, whereas another fonn^has been neglected, which for 
all the pWchological purposes of education has as much worth as 
^-called objects, namely, use of such^hiaterial as picturea^ Such 
quasi*6bjectiye material has been little used by teachers sav§ as it 
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appcAi^ in textbooks. There are, of course, obvious disadvantages 
to pictures and diagrams. The things represented in and by them 
are not capable of personal manipulation by the child in the ordinary 
sense. But .they have a superiority all their own. They offer a 
wider, more natural, and more interesting range of concrete 
experiences. ’ ^ 

There are other curious phases of narrowness in the current peda- 
gogical interpretation as to what const itutCvS a concrete or objective 
experience. It will be noted that visual objects are the ones gen- 
erally employed and that they are generally inanimate objects. Of 
late there has been some tendency to usejiearing and touch in giving 
a concrete basis to teaching. Advantage is taken of the social plays 
of children and their games with things. Here the children them- 
selves and their relations and acts are the experiences from which the 
numerical units are obtained. With some of the best teachers in the 
lowest grades it is no longer unusual to see children moving about in 
all sbrts of play designed to add reality to and increase interest in 
number facts. 

Inductive teaching has l)een one of several movements affecting 
objective teaching. The effort of teachers to escape the slavishness of 
mere memoriter methods and to approximate real thinking led to the 
introduction of inductive teaching. Necessarily objective teaching 
became more or less identified with the new moveijient and was in- 
fluenced by it. So, it has been said of objective work in arithmetic, 
as it has been said .of laboratory w ork in the sciences, that such in- 
struction is a method of “ discovery or “ rediscovery.” Such an 
alliance has had its beneficial effects upon objective teaching ;dt has 
redeemed it from the aimless “ observational work ” of an earlier 
“ objective study.” But in the teaching of arithmetic, at any rate, 
it confused an objective mode of presentation with a scientific method 
of learning truth, two activities having a common logical basis, but 


not at all the same. Under the assumption that the developmental 
method is one of rediscovery, the tendency is to give the child as 
complete a range of concrete evidences as would be necessary on the 
part of the scientist in substantiating a new fact. The result is, that 
long after the child is convinced of the truth, say that 4 and 2 are 6, 
the teacher persists in giving further objective illustrations of the 
fact. The child loses interest itf the somewhat monotonous contin- 
uance of objective manipulations, and the teacher has naturally 
wasted time and energy. ^ 

Another modem movement in teaching metiiod which has had a 
conspicuous effect on objective t^ching is the movement toward 
“ self-activity ” on the part of the child. The recent favor enjoyed 
by manual training, nature study, self-government, and other active 
phases of school life is an index of the general movement in mind. 
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Its influence has not only forced the introduction of i>ew subjects; 
it has changed the manner of pi‘esenting the older subjects of the 
elementary curriculum. Arithmetic has responded along with the 
other subjects an<^an active use of objects by the cliildren themselves 
is found in increased degrw. 


TI. THE USE OF METHODS OF HATIONALIZATIOK. 


It is perfectly natural that, in shifting the teacher’s attention from 
her own activities to those of the children, the interest of the child 
should be considered in increasing degree. If the child Is to learn 
directly, with a maximum use of his initiative, it is absolutely 
essential that the teacher should provide some motive. This implies 
that the child is to be interested in some fundiimentnl way in the 
activities in which he is to engage. Instead of tluimbing the funda- 
mental facts with his memory, in*an artificial and effortful manner, 
^singsonging” the tables rhythmically, so as to make dull business 
less dull, the teacher begins at once to use the child's own life as the 
basis for instruction. The number story, the aritlimeticnl game, 
playing at adult activities, constructive work, measuring, and other 
vital ^terests of the child and community life become increasingly 
the basis of instruction in number. Such is the pronounced tendency 
wherever the movement is away from the traditional rote-learning 
gr drill. 

Of course there is the slight tendency in American elementary 
schools where a soft and false interpretation of the doctrine of in- 
terest is gospel to teach only those things which can be taught in 
an interesting fashion. But this tendency is less operative in arith- 
metic than in other subjects. Here the .logical interdependence 6f 
one arithmetical skill on another has quickly pointed the failure of 
such a haphazard mode of instruction. 

There is, however, in “advanced”, as well as in reactionary 
quarters, a revolt against the tendency to objectify, explain, or 
rationalize everything taught in arithmetic. On the whole it is a 
discriminating movement, for this opposition to “ rationalization ” in 
arithmetical teaching, and in favor of “ memorization” or “habitua- 
tion,” bases its plea on rational grounds, mainly derived from the 
facts of modem psychology. 

It is specifically opposed to explaining why “ carrying ” in addition, 
and “ borrowing ” in subtractic^n are right modes of procedure. These 
acts are to be taught as memory or habit, inasmuch as they are to be 
performed by that method forever after. To develop such processes 
rationally or to demand a reason for the procedure once it is acquired,, 
is meirely to stir up iinnecesary trouble, trouble unprompted by any 
demands of actual efficiency. 
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A study of the actual arithmetical facts upon which this opposition 
expresses itself suggests the four following general .principles as to 
the use of “rationalization'’ and “habituuiion ” as methods of mas- 
tery: (1) Any fact or procesvs wliich always recurs in the same 
identipal manner, and occui-s witli sufficient frequency to be remem- 
bennl, ought not t# be ‘‘rationalized” for ihe pupil, but “habit- 
uated.” The correct placing of partial pnalucts in the multiplication 
of two nuinbei*s of two or more figures is a specific case. (2) If a 
process does recur in the same itianner, but is so little used in 
after life that any formal method of solution would be forgotten, 
then the teacher should “ rationalize it. The process of finding tiie 
square root of a number illustrates thi^crie^of facts. (3) If the 
process always does occur in the same niiummTbnt with the frequency 
of its recurrence in doubt, the Umcher should both “ habituate” and 
“rationalize. " The divusion of a fraction by a fraction is frequently * 
taught both “ mechanically and “ by thinking it out.” (4) AVhen a 
process or relation is.likely, to be expressed in a variable form, then 
the child must be taught to think through the relations involved, and' 
should not Ixi permitted to treat it mechanically through a mere act 
of habit or memory. All applied examples aie to be dealt with in 
this maimer, for such problems are of many types, and no two of the 
y same type are ever quite alike. These laws will, of course, not be 
interpreted to mean that no reason is to he given a child in a process 
like “carrying” in addition. The reason is not essential to eflScient 
mastefy, but it may be given to add interest or to satisfy the specially 
curious. 

vn. SPECIAL METHODS FOR OBTAINING ACCURACY, INDEPENDENCE. AND SPEED. 

It is not alone the first stages in the acquisition of an arithmetical 
proce.ss which have n^ceived attention in the reorganization of teach- 
ing methods, though, to b<^ sure, the problem of first presentatiems 
has in recent decades l>cen given the most attention. More and more 
the American tendency is to watch every step in the learning process, 
to provide for all necessary transitions, and to safeguard against 
avoidable confusions. It might lx> suggested that constant inter- 
mediation of the teacher in the child's work at every step might 
destroy the pupil’s initiative and independence. Apparently, how- 
ever, those wdio are so deeply interested that the child should not be 
permitted to fall into the errors which unsupervised drill would con- 
vert into habit, are fully as cautious to provide steps for forcing the 
child to asaumeban increasing responsibility for his own work. The 
distinction made is that an over-early independence is as fatal to 
accurate and rapid mathematical work as an over-delayed dependence. 

One of the specipc controversies much argued in the primmiy 
school concerns the medjpm through which arithmetic^ examples and 
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is scarcely reasoned out as so much psychological science, but is the 
accompaniment of a widening professional movem^ntr^or the en- 
larged use of pictures, diagrams, number stories, and the like. A 
’critical examination of the various means of presenting arithmetical 
situations would order them as follows in making the transition 
from objective concreteness to symbolic abstractions: (1) Objects, 
( 2 ) pictures, (3) graphs, (4) the concrete imagery of words, (3) more 
abstract verbal presentations, (C) presentations tli rough mathe- 
matical symbols. No such minuteness of adjustment is apparent 
in existing methods, though it might seem desirable in teaching young 
cliildreiK There 'are four typical ways in which the child docs his 
work, the names of which are derived from the differentiating (de- 
ment: (1) The “silent” method, otherwise spoken of as “mental 
arithmetic,” “arithmetic without a pencil,” etc. (2) Tlie “oral” 
method, where the child works aloud — that is, expresses his jmKvdnre 
step by step in speech. (3) The “written ” method', where the child 
writes out in full his analysis and calculations.'' (4) The “ niixc'd ” 
method, wdiere the child uses all three of the previously mentioned 
methods, in alternation, as necessary for case and efliidency. 

Tlie worth of these four methods of work is nenressarily variable. 
The rapidity of the “silent method” with simple figures is obvious. 
The “ silent method ” and the “ nii.xcMl method ” (wdiich is more slow 
hut more manageable with complex processes and calculations) are 
the two methods normally employed in s(x:ial an<l business life*. The 
pihvly “oral ” and “written ” methods, with their teodency toward 
analysis and calculation fully expressed in oral or written language, 
are highly artificial. Tliey are valuable ns scdiool device's for rev(*al- 
ing the action of the child's mind to the teaclmr s<\ that tlie same 
may l>e corrected, guided, and generally controlled. The present 
tendency is toward an over-use of these methods and toward an muler- 
use of the other two. more particularly the “ mixed’'’ method. It 
would seen^that there is little con.scious attempt to make certain 
that the child moves from full oral or written statements to the 
judicious application of the more natural “silent ” and “ mixed ”> 
methods, ft may be that full oral and written statements of work 
have seriously hampered the right use of the more natural methods 
of statement. 

It is well 4o recall that in all these efforts to control the child’s 
activity there is a tendency to leave the child overdepeiulent upon 
the teacher. It is vitally important that a child should be kept free 
of any error which unsupervised drill would fix into the stubbornness 
of habit, but it is likewise importent that the child should acquire 
some self-reliance. While not always clearly defined, there is a dis- 
tinct tendency in the' direction of releasing the teacher’s control of 
f* " ‘ ctice would be one in which the 
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' teacher’s work with the child, would pass through various stages, 
each one of. which would mark a decrease in the control of the process 
by the teacher and an increase in the freedom of the child to do his 
example, or problem, by himself. 

One characteristic series of stages quite frequently used in the 
presentation of a single topic in arithmetic, say “carrying” in tuldi- 
lion, is the following: (1) The teacher performs the process on tli;; 

blackboard in the presence of the class, the children not being allowed 
to attempt the process by themselves until oft^ the process is clearly 
understood from the teacher's development. (2) The children are 
then allowed to perform the process upon the blackboard, where it 
is exceedingly easy for the teacher to keep the work of every child 
under her eye. An error is caught by a quick glance at the board 
and immediately corrected before the child can reiterate n false ini- 
pre^ion. (3) More of the same type of example, or problem, are as- 
signed to the children at their seats, where they work upon paper, 
still under ^the supervision of the teacher; a supervision which is 
less adequate, however. (4) The same difficult}^ after the careful 
safeguarding of the previous stages, is then assigned for ‘‘home 
work,” where the child relies almost completely upon himself. Once 
more it is necesary to suggest that these stages are merely roughly 
implied in the variations of exisU^ practice. 

Most of the methods discussecNBl this chapter have had as their 
sanction the attainment of accuracy in thinking and calculating. 
Some efforts to insure independent power on the part of the child 
have already been noted. But nothing has been said of the effort to 
add speed to accuracy in getting efficient results. Such special efforts ^ 
have been made.' These efforts may be classified into two groups: 

(1) Those aiming to quicken the rate of mental response. (2t Those 
aiming at short-cut processes of calculation. 

Typical of tlie first are (a) the use of an establisl>ed rhythm as 
the child attacks a column of additions; (h) the device of having 
children race for quick answers, having them raise their hands or 
stand when they have gotten the answer; (c)* the assignment of a 
series of problems for written work under the pressure of a re- 
stricted time allotment for the performance of each. These and 
similar devices are much used in the schools. They are open to the 
objection that they quicken the rate of the better students, but foster 
confusion, error, and discouragement among the less able children, 
not infrequently, actually retarding speed. 

The various shorter methods which repreaent the effort to reduce 
the number of mental processes required are usually not of general 
applicability, and consequently have not attained, any general cur- 
rency in the elementary schools, where the object is to teach one gen- 
erally available and effective method, even thou^ it requires more 
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time, special expertness being left to later development in the special 
school of business which requires it. 

It has* come to be quite a common recognition of teachers that the 
fundamental element in rapid arithmetical work is certain and accu- 
rate work. If pupils knoNv their tables of combinations and are sure 
of each detail of calculation, there is no confusion or hesitancy; 
speed then follows as a matter of course. This belief, as much as 
anything else, exi)lains why the lo^wer schools have developed few 
>|H*cial means for attaining speed apart from those already men- 
tioned. 

vm. THE USE or SPECIAL ALGORISMS. ORAL AMD WRITTEM 

ARRAHOEMEHTB. , 

The methods of teaching arithmetic are influenced not only by 
tlie aims of such instruction, but by the peculiar nature of the matter 
taught. The use ^f special algorisms, temporary algoristic aids or 
teaching crutches,” oral and written fonns of analysis are of con- 
siderable moment in detennining the difficulties and therefore the 
methods of teaching. Their condition and influence will need to be 
given some slight notice. ^ 

The use of special and temporary algoristic aids or learning 
“crutches” in mathematical calculation is one of the problems of 
method under (*onstant controversy. Teachers seem fairly evenly 
divided upon the question. Typical situations in which such 
"'crutches” are used may he noted as follows: Changing the figures 
of the up]xn* number in “ borrowing ”, in subtraction; rewriting 
figures* in adding and subtracting fractions, in the broad sense any 
algorism which is used during the teaching or learning process tem- 
porarily, to be abandoned completely later, is an “accessory algor- 
ism” or "crutch.” The objections to their use lie in tlie. fact 
(1) that skill in manipulation is learned in connection with stages 
and forms not charnctcristic of final practical use; (2) that this im- 
plies, psychologically at any rate, the waste of learning two forms 
or usages instead of one: and (3) that it decreases the speed with 
which mathematical calculation 'is done. If there is a drift in any 
direction, it is probably toward the abandonment of “crutches.” 

The division of opinion, which exists in connection with the tem- 
porary use of special algorisms or “crutches,” likewise exists wdth" 
reference to the use of “ full forms ” and “ short forms ” of manip- 
ulation and statement. The temporary use of. a “full form,” in a 
case where a “short form” will finally be used, is, similar to the 
employment of a “ crutch.” There is one important dijference, how- 
ever, which explains the Relatively larger presence of temporary 
" full forms ” than of “ crutches.” The “ full form ” is an accurate- 
form which is used somew'here, in a more complex stage of the same 
1442f— n 8 
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process or in some other process; the “ crutch ” is not. Thus, a “ full 
form,” ill c^umn addition (with partial totals and a final total of 
partial totals) will be utili:^etl in column multiplication; the “ lonjr- 
division form ” of doing “ short division ” (that is the fully expiTsscd 
fonii of dividing by a number of one figure) will be utilized in divi- 
sion by numbers of more than one figure.' 

The problem of forni applies not alone to the algorism or special 
method of computation, but it likewise applies to the s|>ecial methods 
of leasoning used in determining the specific series of steps to In* 
taken in achieving the answer. In every problem the child solves 
ho must not only’ decide what is to be done (rt'uson), but he must do 
it (calcidate). Tlu*re are forms of reasoning as there are forms of 
calcidation. As any calculation may have several algorisms the 
solution of a problem may bu expressed in several fonns. It is the 
latter difficulty which appears in the teacher's' demands for “ formal 
analysi*; ” of problems. The analysis is usually required in full 
statement 


A conserv’ativo protest against the old formal expression of rea- 
soned steps is found in omitting for the most part the linguistic state- 
ments dealing with the logic of the problem and merely labeling*' 
the numbers that occur in the calcidation. This is a more restricted 
form of statement, much more used at the present time than hitherto. 
But it is still oj>en to psyeliological objections that make the.niore 
scientific critics protest. There are many stages in a calculation 
where there is no association whatever with the concrete problem in 
hand. The concrete problem is studied, the decision is made that all 
the factors named are to be added. They are added, purely abstractly, 
and a number is given as the total. The result is then thought of in 
terms of the concrete problem in hand. A disposition to label each 
item in the addition may l>e necessary in the rendering of a bill, but 
it is a false, and obstructing activity in the actual solving of the 
problem. The same situation exists where there are two or three proc- 
esses to be-utilized in series. Once the child has grasped his con- 
crete situation and reasoned what to do he may proceed to mechanical 
manipidation, never thinking of the concrete applications till he is 
done. 

The same tendency which is making for a reduction of verbal forms 
is increasing the use of mathematical symbols. As logical relations 
are less frequently written out, a simple sign such ns + or is used. 
The algebraic x is supplied m p^ce of a whole roundabout series of 
awkward preliminary statementWr assuiriptions. With it, of course, 
come changed methods of manipulation, as in the use of the algebraic 
equation. 


It is doubtless tnie that the rigidity of full logical forms is ^ving 
way to a more flexible and natural mode of expressing the child’s 
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thoughts. Fixed oral and written forms of exposition may assist the 
child^ much as the acquisition of a definite symbol fixes an abstract 
meaning, whicli remains unwieldly until it attaches itself to a word, 
by which it is to be recalled. But increasing cai*e is manifested that 
children shall use only those forms that will conform to practical 
need upon the one hand, and to natural, efficient, and economy mas- 
t(M*v on the other. 

IX. EXAMPLES AND PROBIEMB. 

The teaching of nrilhmetic is usually classified under two aspects, 
formal work and applied work. The formal work deals mainly 
with the memorization of fundamental facts, processes, and other 
details of manipulation. The applied w’oik, as the niHue implies, is 
the formal work utilized in the setting of a concrete situation de- 
manding a solution. These two aspects of arithmetical instruction 
are very frequently shnrpl}' separated, the child w’orking alternately 
with one or the other. The characteristic ])ractico is to deal with 
them without relating them as closidy as the highest efficiency would 
demand. 

Formal exercises in arithmetic arc usual fy presented through the 
“example;'' the exercise's in application thixnigh the “))rohlem;” 
the distinction being that one is an ak^tract and symbolical state- 
rpent of numerical facts and the other a concrete and descriptive 
statement.^ In the first ca-se the mathematical sign tells the child 
what to do, whether to add, subtract, multiply, or divide; the exain])le 
being a kind of pi'ereasoned problem, the child has only to manipu- 
late according to the sign, his wdiole attention throughout being 
foc'used on ihe formal calculation. In the second case the child has 
two distinct functions: He must, from the description of the situa- 
tion presented, decide, through the process of reasoning, what ho is 
to do (add, subtract, divide or multiply), and, having rendered his 
judgment, he must proceed through the formal calculation. 

As the problem involves tw’o types of mental processes in a single 
exercise, and the example but one, the usual procedure in arithmetic 
is to take up the formal side through examples first and, later on, 
the applied side through the, use of problems. This means that the 
first emphasis is on formal and . abstract work ratlier than on a 
treatment of natural, concrete situations, an emphasis not wdiolly 
sanctioned by modern psycholog}’ and the better teaching procedure 
of other subjects. 

\ ^ Wblle tbla dlstlnctlOD 1 b not general, It has auffleient currency to warrant Ita use bare 
tor the convenience of dtecuBslon. The exprefledon ** clothed problem" (from tbe Oer 
man) In occaBlonally used. to mean what 1b here designated as "problem," and "abstract 
|>roblem " la used to mean wbat Is here designated, as " example," 
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The reform tendency is found mainly in tlie primary grades where 
the beginnings of new processes are made through objective pres- 
entations of the problem. But the transition from objectified 
problems to formal w’ork is not immediate. The cliildren pass from 
objectified situations to number stories,” which are only dest’riptions 
or narratives of a situation. This is the interesting priinarv-hcliool 
wjuivalent of that more businesslike languageMlescription found in 
the higher grades — the arithmetical problem. But it jirecedes forninl 
work and succeeds it, the formal drill being a mere intermedia I e 
drill. Here concrete presentations and formal work iu*e more dSsely 
related and more naturally ordered. 

This reform tendency, whicli begun in the primary scIuh)!, is ex- 
tending to the higher grades, where it is no longin* rare to find the 
attack uj)on a pnx-ess preceded by careful studies of tlie coiuTotc cir- 
cumstances in which the process is utilized. In the case f»f interest, 
several days miglit lie utilized in studying the institution of bank- 
ing in all its more important facts and relations. Siicli an approaeli 
not only provides motive for the formal and mechanical work, but 
it gives h necessary logical basis in facts, llencc, the uiukr^t^anding 
of pnictical business life makes accurate reaSf)iiing possible for the 
child when he is called upon to solve actual problems in application 
of the formal work. 

It is perfectly natural under (he general traditional practice of 
putting the first emphasis on masterv of the fonnnrwork tliat the 
largest amount of attention should be given to the mechanical and 
technical side of arithmetic, and that the concrete uses and applica- 
tions should be slighted, and this is generally true of the j)ractice of 
American teachers. Much more ingeimity has l>ecn used in the care- 
ful training of the child on the formal side than in teaching him to 
think out his problems. ^ There is no such carcftil ai ranging and 
ordering of types in teaching a child to reason, as there is in teaching 
him to calculate. 

Here and there a few thoroughly systematic attempts are made 
to carry the pupil through the simplfe types of one-step reasoning, to 
two*step and three-step problems wdth their possible variations. Just 
as the example isolates the difficulties of cniculalion, by letting the 
sign of + or — stand for the logic of the situation, there is a tend- 
ency to ^ive problems without requiring the calcuintion.s. Tliis 
affords a means of isolating and treating the special difficulties of 
reasoning. The child is merely required to tell what he would do, 
without doing it; the answer being checked by the gross facts. A 
little later, as a transition, he is permitted to give a rapid, rough 
approximation of what the answer is likely to be. With further com* 
mand. he tells what he would do and does it accurately. But such a 
program of teaching is still rare among teachers* 
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The care of the chih] s reasoning is largely restrictetl to testing his 
^comprehension of the j)n>bleiu ( 1 ) hv Inn ing him icestnte the problem 
to l>e sure he unJerstaiuls it, or (*J) hv having him give a formal oral 
or written analysis of Uie way in which he solves the problem. The 
first requirement may not be thonmghgoing. as the ehihl may give 
i\ verbal nq>efition of the pn>hlem without n*aliy kiunving its mean- 
ing. The second is a foniial analysis of the finished nc-ult and does 
not repn'simt iJie gmietic method of the (’hild's thinking. Conse- 
quently its fonnuliis do not in any eons id (Tu hie d egret' assist him in 
his actual struggle with the complex of facts. 

This lack of a systemnti(* teaching t»f the t technique t)f reasoning is 
manifest in Uie unreliahility of ehildrenV thinking. When n cliild 
fails in a problem a^.c^igneil from the textl)ook. the soun’c of the error* 
may Ik* in <me’ or nuuv of tliree ]>hast*s: (1) In failing to get tlie 
iiu'aning of the language used to deserilH* the details of the situation; 

in failing to rea.son out what needs to 1 k‘ done to stdve the situ- 
ation: in failing to make an aeeurate eak’ulation. The first is a 

matter of language: tlu' second, one of reasoning: the third, of mem- 
(iri/.ation. 'riie elimination (^f ei*rors. due to the first and third 
s(mri‘Os, leave'^ a (*on>i(h'ral>le ])ropurlion to In* aveoiinted for by tlie 
s(*eond. Such informal inv<*st ignt i(»iis as have been made si*em to 
sliow that the ehildnm who fail in reasoning do npt make any ival 
eibul to j)enetrHte into the essential ndations of the situation. They 
depend on their association of processes with specific words of rela- 
tion used in the description of the ju-oblenu i\u association deUir- 
niined, of coarse, l)v their past expei’iemces. As long as these familiar 

rue " words are u^^ed, they sneecial. Iy<*t unfamiliar words or phra.ses 
Ik* utilized in their stead or let the relation lx* implied, and, like ns 
not, Uie ehildnm will fail to do the right thing. Practical school 
people are familiar with the fact that children solve the problems 
given in the language of their own teaeliers and fail when the prob- 
lems are set by j)rincipals or superintendents, whose language is 
strange to theni. 

A greater use of varied objects in the objective presentation* of 
problems, and a more constantly varied use of language in the 
desci'iptive presentation of pro!)lems would prevent the chijd making 
such superficial and unthoughtful associations, and force him to 
think out connections l)ofween what is essential in a typical problem 
and the appropriate prowss of manipulating it. But such a de- 
liberate application of modern psychology is far from being a con- 
spicuous minority movement. The subject matter of the problems 
given to children has, however, improved greatly. Obsolete, puzzling, 
and unreal situations which only liintjer the child’s attempt to reason 
are less and less used in problem work. 
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■ Daily it becomes recogij;&ed with greater clearness that right 
reasoning depends upon a ecmprehension of the facts of the case, 
and the facts of the case in point must bo within the experience of 
the child. This is the only way in which a problem can be real aiul 
concrete to him. 

The reixuit etfort on the part of textbook writei-s and teachers to 
make arithmetic4d problems “ re||| ” ami “concrete" bus not always 
recognized the alHne inentionnl psychological princijile. Tlie terms 
** real ^ ^nd ‘‘ concrete ” have been interpreted in many wuy^, besides 
in terms of tiu* chiUrs consciousness. With some, “ real " has meant 
“materiiri, and the proble^iLs, mow particularly with primary chil- 
dren, have, in incmising ilegree, l>cen presented by ohjivls or words 
connoting very vivid imagt^s, OtheiN have dcliiUHl lhesi\ qualities in 
terms of actual existence or ust^in the largi'r stxial world. If lhe>i» 
problems actually occur at the grotx'r's, the banker's, or the whole- 
saler's, it is said that they “ arx» indmi concrete." And much elToil 
has been expended in carrying these curwnt problems into the claas- 
room, in spite of the fad that they may neither conipwliensihle 
nor intewsting to the pupil. 

There, is another stX'ial world, neaivr home to the^cliild, from 
which a more vital Imrrowing can l>e made. Tlierc is an t>]>j)ortunilv 
to use the child's life in its quantitative usf)ects. to t^ikc his phivs, 
games, and (Kcupalions, and introiluce their siluatiems into his 
mathematical teaching. As his world expands from year to year he 
will be carried by degrees, from |>ersonal and local situations to those 
of general interest. The teacher cun provide this progression without 
devitalizing the facts pre5XMi(e<l. 

There is* another error into which both the socially minded radical 
and 1 her special i.st in child study full. In (heir eagerness to improve 
the arithmetic problem, they assume that problems taken from (he 
larger social world or f^oin the child's 0x1)01^110*0 ari‘ necessarily 
superior !o hyjKitheticah imaginative, or '' made-up " iiroblems. *i'he 
psj'cliological fact that needs to be forced upon (be attention of (he 
reformers is that, with proper artfulness, an imagined jiroblciu may 
be even more vital and real to the child than one taken from life — as 
a situation in a drama may be more appealing and real to a child 
than one on the street. This has some recognition, but not enough. 
Those who stand upon the side of the made-uj) " problems are more 
likely to be reactionaries who tole)(^ate the traditional type of problem 
even though its stupid artificiality is obvious to |fK)th the teacher and 
the child. They might better be dealing with dul|i problems borrowed 
from real life than with specially invented dulljhesB, 

Of course there is another argument for the use. of actual social 
materials. The child must ultimately come into command off pre- 
cisely these facts, since their mastery will be demanded by the busi- 
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ness world* But must u primary sdiool child study his aritlimetic 
through problems taken from the dreary statistics of iui})orts and 
exports merely Ix'causc tariff reform is a jmlitical isstie which every 
citizen ought finally to coinpn'heudt Theiv is a lime for this, and, 
as i> the ca>e with most of Mich bormweil business prol)lems, the lime 
is later. In far as these are current situations within the contacts 
of ciiild life, let them enter.' A tiuanf itative revelation of life is im- 
portant, and it is good leaching eamoniy to gain knowledge by ll't* 
way, provided it does not distract attention from whatever main 
businejiis is at hand. 

The socializing of arithmetical problems has one other additional 
g<H>d efftvl. It has tended to bring some tojU^al unity into the pn)b- 
lems'<x)iistituting the assignment for a given lesson or group of les- 
sons. iiith erto a series of problems was almost always compoMHl of 
u lietefogeneous lot of situations. There was no unity save that soni^ 
one j)rocess was involved in each. The movement Is now in the di- 
nrtion of attaining a more approximate unity within tho subject 
inatter of the pfohleins themstdves. The difliculties of aUi^ibihent 
have restricfcnl this movement to imn**' pn>gressive ciirles. 

The eclectic source of arithmetic problems is apparent from the 
foregoing disenssiem. It would mhmii that some In'tter texts would 
naturally Ih» evolved through the implied criticism of each nioveinent 
npt>n the other. Such is the cuse^^ Pn)blenis from child life empha- 
size the bi‘ginning condition to which adjustment must Ik» made in 
all gtKKl leaching, Thost» from the gn'aler world suggi‘sl the final 
goals of instruction. Those “ made up " by the teacher call attention 
to wliutis too often forgotten, that the educative process in school 
may Ik? artful without iKH'oming artificial. Teaching is art, and when 
well done is nut less effective for the fact. 

X. CHABACTEKISTIC MODES OF PBOOBEBB IM TEACRINO METHODS. 

The existing methods nf teaching arithmetic in the American ele- 
mentary schools are exceedingly varied. This is due to many caust's. 
The democratic systen of local control, as opposed to a ceiitraliised 
supervision of s<‘hools, has increased both the possibility and the 
|)robubility of variation. Even within the units of sui>ervisi(Hi 
(State, county, and municipal) the opportunity for reducing varia- 
tion in the direction of a more efficient uniformity is lost. This is 
partly due to the lack of a thoroughly trained stuff of supervisors 
of the teaching process. Uniformity beyond tiie legal unifs of sui>er- 
vision has been restricted by the lack of organized teofessional means 
for investigatiem of and experimentation in confroversial matters. 
Even such crude experiments as are being tried in more than one 
classroom, school, or system are unknown, unreported, uncstimated, 
because no competent professional body gathers, evaluates, and dif- 
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fuses such tec wledge. In this respect the teaching profession is far 
below the efficient organization of the legal and medical professions. 

It is exceedingly difficult, therefore, to analyze the characteristic 
aspects of teaching method except as these are interpreted in move- 
ments of general significance. These may be actual or potential, 
traditional or reformatory, ger^al or local, in present acceptance. 
The situation is one wherein traoWion is mixed with radicalism, and 
radicalism modified by reaction. Jn this medley of movements there 
are dominant tendencies both tnraitional and progressive. 

It is quite impossible to indicate the progressive tendencies with 
clearness save in connection with the discussions of concrete difficul- 
ties in mathematical teaching. The forces that are behind these 
tendencies may, however, be summarized here. -For convenience 
they may ble classified into eight types of influence, extending from 
more or less vhgue and general nwvements to very particular scien- 
tific contributions. No attempt is made to indicate the aehievement 
of each; the form of each influence is only roughly defined and 
illustrative movements or studies suggested.. 

1. It is obtfi^is that any general pedagogical movement \thich influ- 
ences the professional attitude of teachers will influence the special 
methods of mathematical teaching. The appearance of the doctrimi» 
of interest made mathematical instruction less formal. The growing 
enthusiasm for objective work 'enlarged the use of objects in the 
arithmetic period. The child-study movement laid emphasis upon 
the child’s own plays and games as a source of problems and 

. examples. 

2. Certain special movements in methods of teaching, local to the 
subject of mathematics, have also been effective. Here one has only 
to recall the “Qrube’^ method, with its influence on the order and 
thoroughness with which the elements of arithmetic are taught. 

3. The tendency of every teacher who is at all sensitive to the 

defects of his methods is to vary his daily practice. Constant trial, 
with error eliminating and success justifying a departure, is thus a 
source of progress. The new devices of one teacher are taken up 
by the eager professional witness and innovation is thus diffused. We 
have no ability to measure how much professional progress is due to 
individual variation in teaching ami its conscious and unconscious 
imitation. The disposition of school systems to send their teachers on 
^urs of visitation without loss of salary is a recognition of the 
value of this method' of advance. . ' 

4. A far more efficient and radical source of change than that just 
Mentioned is the deliberate, conscious, experimental teaching of 
progressiye individuals. Some new idea or device occurs to the 
i^der of original mind, and it is tri^ out with a fair proportion of 

; wsdtuig success^ An miration of such a con^bution is found in 
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one conspicuous effort to get more rapid jcolumn a;ddition. The first 
columns to be added were allowed to determine the selection and 
order of addition combinations learned. Thus, if 6+74-9^-6+7=36, 
is the first column to be used, then the first combinations mastered 
will be 6+7=13, 8+9=12, 2+6=8, 8+7=15. Arising as a fruitful 
idea and seeing to give « measure of success, it has been carried, in 
the particular locality in mind, from school to school, and from sys- 
tem to ^stem. 


5. A prolific source of radical change is found in the critical ap- 
plication of modem p^chology to teaching methods. Algorisms, 
types of difficulty, the order and gradation of these, as well as many 
other factors in method have been radically reorganized on psycho- 
logical grounds. Examples of such psychological modifications of 
method are found in the Courses of study for the day elementary 
schools of the city of San Francisco.” Still more extensive critical 
applications are found in the “ Exercises in arithmetic ” devised by 
Dr. E. L. Thorndike, professor of educational psychology* in the 
Teachers College, Columbia University. 

6. Attempts have been made to inquire into the special psychology 
of arithmetical processes through careful experimentation and con- 
trol. They have not been numerous, nor have they been influential 
on current practice. Such a field needs development. A typical 
attempt to investigate and formulate the special psychology of num- 
ter is found in a Clark University study of “ Number and its applica- 
tion psychologically considered.” * 

7. Educational investigations as to the efficiency of existing arith- 
metical teaching among school systems, sufficiently varied to be rep- 
resentative of American practice, have also been conducted. These 
have usually gone beyond the field of the special methods of presen- 
tation employed in the classroom, and have inquired into the condi- 
tions of administration and supervision, the arrangement of the 
TOurses of study, and other similar factors. Dr. J. M. Rice’s studies 
into “ The causes of success and failure in. arithmetic ” » investigated 
such specific factors as: The environment from which children come, 
their age, time allotment of the subject, period of school day given to 
arithmetic, arrangement of home work, standards, «xaminations, etc. 
A subsequent study of sinfUar type, but employing more refined 
methods is that of Dr. C. W. Stone on ^‘Arithmetical abilities and 
some factors determining them.”* The main problem of this study 
was to find th e correlation between! types of arithmetical ability and 

* Phillip*, D. B. Number and It* application psjchologlcallr conaldeved. Pedatoatcal 
Seminary, vol. 6: 221 - 281 . i807-«a 

84* 281-Mt^487^6rim^ * Cao«« of iuccew and faUure In ichoola Forum, 

C. W. Arithmetical abilities ad some iketora determining them, 
eontribqtloim to adnoatlra, Teachm CoUcm New Torit City, 1908, pp, 
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different time expendituree and courses of study. These two studies 
have probably attracted more general notice than any other studies 
x>t arithmetical -instruJftion. While they have largely dealt w[th ad- 
ministrative conditions that limit teaching methi)d, rather thaft with 
the details of teac^lkig method itself, they have stimulated the im- 
pulse to investigate conditions and practices of every tyjfe^ 

8. The latest source of progresertn teaching method is found in the 
movement for comparative experimental teaching under normal but 
carefully controlled conditions. Several such experiments are being 
conducted in the Horace Maun Elementary School of Teachers Col- 
ic^, Columbia University, under the direction of Principal Henry 
C. Pearson, with the cooperation of the staff of Teachers College. 
The experimental work conducted by the instructors and students of' 
the Teachers College is. primarily designed to determine the relative 
value of competing methods in actual use throughout the country, 
the assumption being that every substantial difference in practice 
implies a difference of theory and consequently a controversy that 
can be resolved only on the basis of careful comparative tests. Two 
parallel series of classes of about the same age, ability, teacher equip- 
ment, etc., are selected for this work. One series is taught by one 
method; the other series by the other method. The abilities of these, 
children is measured both before and after the teaching, and the 
growth compared. The standards and methods of this type of com- 
parative experimentation, together with a list of current competitive 
methods requiring investigation, is given in Dr. David Eugene 
Smith’s monograph on “ The teaching of arithmetic.” > 


SUBCOMMITTEE 4. PREPARATION OF TEACHERS FOR 
GRADES ONE TO SIX. 

INTRODUCTION. 

f 

The fact that mathematical instruction in elementary schools is so 
universally given by teachers who teach most of the other elementary 
school subjects also, makes it difficult to isblate many of the specific 
elements of preparation entering into training for mathematics 
teaching. Departmental instruction below the seventh grade in 
mathematics is so rare as to be exceptional. The general preparation 
for mathematics teaching in the first six grades of the elementary 
school is therefore very largely includ^in that general foundation 
work which includes courses in psycholl^, the principles of teach- 
ing, and the principles and history of education, together with obser- 
vation and teaching under supervision and criticism in a training or 

. * D. teachii^ of aritbmetle. Cbap. XVI. T«aetaer« CoU«fe^ Janoatj. 1909. 
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practice school. Besides this general^^pe of pedagogical prepara- 
tion, most normal schools and other training schools for teachers 
usually offer courses in “ special methods ” in teaching elementary 
mathematics, these courses furnishing practically all of that training 
wliich may be regarded as specific for the subject. The “special 
methods “ course is usually given by an instructor who also teaches 
classes in secondary mathematics — advanced arithmetic, algebra, 
geometry, and occasionally trigonometry, or even more advanced 
courses which are offered* as electives in a very few normal schools. 
In the larger schools, the head of the department may be assisted in 
this instruction, but he, himself, usually gives the work in “ methods.” 
The character of this work and the professional attitude of the in- 
structors vary in a degree that makes generalizations relative to them 
almost impossible. The instructor may regard the “ methods course ” 
as simply a means for reviewing subject matter and the training 
school work as a sort of nuisance or as having no relation. to his de- 
partment, or he may give the course over almost wholly to questions 
of the psycholog}^ and pedagogy of mathematics teaching, using the 
training school constantly as a laboratory for instruction, demon- 
stration, and experimentation. 

Until the rapid development of normal schools within the last 
quarter of a centurA', in common with all other elementary school 
subjects, the only preparation required for teaching mathematics in 
the elementary school was such a course in elementary arithmetic as 
would enable the candidate to pass a relatively simple examination 
set by a county or city superintendent or a board of school di?:ectors, 
^ Even to-day, in most of the rural and village communities of this 
country, this is the method of providing teachers. These teachers 
have no academic preparation beyond the subject matter which they 
expect to teach, and no professional training at all. However, the 
rapid development of State normal schools and of city training 
schools has brought about a standard for teachers, adopted as fast 
as the supply will permit, of much higher academic preparation to- 
gether with a minimum approximating two years of professional 
training. In this general advance of standards, mathematics has re- 
ceived a share of attention, although perhaps tradition has offered a 
handicap which has not been felt by the newer subjects in such a 
large degree. But within the last decade the -whole subject of the 
teaching of mathematics lias come to receive the attention which it 
justly deserves. Yet, with ibU of the discussion wlxich has developed, 
there is very little literature mat deals specifically with the problem 
of present-day theory and practice in the preparation of teachers for 
the elementary school. The committee secured data for its conclu- 
sions by direct inquiry of typically representative normal schools 
and city training schools. By geographical ^distribution, 19.6 per 
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; cent of these schools are in the Atlantic States, 21.9 per cent in the 

t Pacific and Mountain States, and 58,5 per cent in the States lying 

[ between these groups. The inquiry concerned itself specifically with 

[ tile amount required of prospective teachers in the subject matter of 

i mathematics, the amount and kind of professional study, the rela- 

! tion of the department of mathematics to the training or practice 

I school, and suggestions of constnictive improvemnt or reform. 

, SUBJECT-MATTER COURSES. 

For normal ^hpols regarded as* standard, as well as for city train- 
ing schools,* high-school gi'aduatioh seems almost a fixed norm for 
the whole country as an entrance requirement. In mathematics it is 
usually assumed that students have had a high-school course in arith- 
metic of one term or semester, one year or more of algebra, and one 
year of geometry, usually plane. In some normal schools arith- 
metic is required of students “ found wanting ’’ in its subject ‘'matter. 
In many schools solid geometry, advanced arithmetic, advanced al- 
gebra, and trigonometry are'offered as electives. 

It is thus apparent that the teacher of mathematics in the first 
six grades has a knowledge of subject matter in formal mathematics 
far beyond any of the actual needs arising within these grades. That 
this knowledge of subjec^ts beyond elementary arithmetic functions 
in the teaching of the arithmetic it would be very difficult to show. 
The formal and isolated character of the work-in algebra and 
geometry, as they are usually taught, leaves them barren of any 
content values having a bearing upon anything which appears in 
the usual work of the first six grades. Even in the be.st normal 
schools there is little evidence that the work in algebra and geometry 
is any less academic than in the classical high schools. In the nqr- 
iiial school “humanistic” values should certainly most fully reveal 
themselves. 

PROFESSIONAL COURSES. 


The , professional courses and w’ork include a course in arithmetic 
methods” or in arithmetic with some attention to methods in all 
normal schools, observation and practice teaching in some form in 
most of them, and a course ini the history mathematics in 4.8 per 
cent of them. 

The course in arithmetic “ methods ” is given during one semester 
in 78 per cent of the schools. In a few, not more than 10 per cent, it is . 
given during but half a smester — from six to nine weeki The char- 
acter of this work differs markedly. In 27 per cent of the schools the 
work is largely a review of the subject matter of arithmetic, method 
being merely incidental. Over 14 per cent give practically the whole 
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time to method. With others "it varies from one-tenth to one-half of 
the time. 

In the methods work itself 41 per cent of the schools require the 
or^nization of definite Mts of subject matter for presentation in 
the grades and the writi^.g of specific lesson plans as a part of the 
work* In a like number definite study is niad^ of the elementary 
course of sjtudy as a whole. Games and recreational devices for mo- 
tivation and drill are considered in per cent of the schoola Forty- 
one per cent of the schools make some use of current literature on the 
teaching of mathematics, although one in.stFUCtor replies that hetloes 
not, as “there is little in it that is useful.” Other instructors indi- 
cate that they value the perimlical literature ns growing increasingly 
helpful and siiggestive for their own work. Some form of mathe- 
matical museum found in 34 per cent of the schools. This varies 
from “ a small private collection ” to rather pretentious collections of 
textbooks, periodical (assays and addresses, illustrative apparatus and 
models, and standards of weights and measures of various kinds. 

Observation of schoolroom teaching as a part of the work in 
methods is found in 4(1 per cent of the schools. The time devoted to 
observation varies from “ three or four lessons a term ” to “ one-third 
of the course.” In 7 per cent of the schools all observation work is in 
connection with practice teacliing. The place and value of systematic, 
purposeful observation seem to vary greatly in the minds of instruc- 
toi*s. ^ That the lessons observed should l)e well taught, model les- 
sons, is indicated by the fact that in 47.3 per cent of the schools defi- 
nitely using observation the le>sons are taught by critic teachers and 
in 3G.8 per cent by the special mathematics teacher. The training 
school i.s used as a laboratory in the methods (‘ourses in 39 per cent of 
the schdbls. As schools of education which tend to furnish an in- 
creasing number of teachers pr(‘pared for normal-school instruction 
in mathematics develop possibilities of the training schools as labora- 
tories, this phase of work in the preparation of the element a ry-school 
teacher will doubtless increase. 

Practice teaching in arithmetic is. required of all students who 
graduate from 39 per cenL of these schools. In one school it is re- 
quired in at least two grades. In most other schools students do 
practice work in but two or three subjects and may be graduated 
without any practice teaching in mathematics. 

The somewhat isolated condition of the departmellt of mathematics 
from the training school is shown by the fact that in only 89 per 
cent of the schools does the teacher of mathemaucs aid in the super- 
vision of the” subject in the training school and that in only 27 per 
cent does the department ofjri|athmatics make or partly make the 
course of study for the traifl^H school. Cooperation in the devel- 
opment of the course of study and in the supervision of the teacliing 
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of mathematics in the training school has been found, to be of very 
high value in developing a professional attitude in the minds of pros- 
pective teachers through the multitude of live problems always before 
them and in whose solution th^ may participate. # 

More than 95 per cent of the schools discourage departmental work 
below the stwenth grade. One scl^ool defitiitely advocates it from the 
fourth grade upward. A special type cf training for primary teach- 
ers is provided in 24 per cent of the schools. Numl)er work receives 
its proportion of attention in these primary methods courses when 
they are general in character. In 12 per cent of the schools there 
are specific courses in primary methods in number work. 

From the suggestions for reform received from instructors, the fol- 
lowing summary indicates the several types: “A better knowledge of 
subject matter.” “ Teaching to make subject matter vital.” “ Make 
the work closer to the* children; more connection of the work with 
life,” ‘‘Use more concrete examples; use. more objective work,” 
“ Develop a more definite knowledge of practical applications.” “ De- 
velop more work in the fundamental pedagogy of processes.” 
“ Develop a more definite idea of the relation of the work of each 
grade to the whole arithmetic course.” “ Develop a better knowledge 
of method.” “ The development of a good textbook in simple 
method.” “Require successful practice teaching in arithmetic for at 
least 10 weeks.” “Make more of observation; observe more skilled 
teachers.” “A general course for all, followed by a more intensive 
course for the particular grades in which the teacher is to work.” 

S0HMARY OF DATA. 

From the foregoing data, it is evident that great differences in 
ideals and practice exist with reference to the following points: 
There is variation from method as a mere incident to subject matter 
to the use of full time for method in “ methods ” courses; from no use 
whatever of current literature on the teaching of mathematics to 
“^ery extensive ” use of such literature; from no^cinsideration of 
games and recreational devices to very careful consideration and 
testing of these ; from no consideration of the cotirse of study in arith- 
metic for the gra^s to the full development of such a course and the 
organization for presentation of certain of its units; from no men- 
tion at all of the history of the development and teaching of mathe- 
matics to the establishment of well-organized courses in this subject; 

' from no ob^rvation of lessons in arithmetic in the grades in cdWtec- 
tion with methods courses Jto one observation lesson each week during 
the course; from no practice teaching at all required in mathematics 
^ to practice work in arithmetic for all in at least two grades; from 
no supervision of practice work and the teaching of mathematics in 
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the training school by the teacher of math^atics to close, jointly 
responsible supervision with the grade supervisors; from positive dis- 
couraging of departmental teaching of mathematics in the grades to 
positive advocating of it in middle and upper grades; anu from no 
differentiation in training for the grades to courses in detaileu necial 
methods for primary grades. 

There are also evident the following points of general uniform ty: 
Entrance requirements to method's courses in arithmetic are quite uni- 
formly high-school courses of about one-half year’s work in arith- 
metic, one year in algebra, and one-half year or one year in plane 
geometry. Some kind of methods or teacher’s course in mathematics 
is found in all. Some form of observation work either in connection 
with thq^ourse in arithmetic methods or with general method or prac- 
tice teaching is advocated by all. In ^neral, departmental work 
below the seventh is discouraged. No school is fully satisfied with its 
present practice. 

Suggestions for reform are of four types: Greater knowledge of 
subject matter; a reorganization of arithmetic material; giving it more 
vital relationship to the child’s life and to social life; a more intelli- 
gent knowledge of the pedagogy of arithmetic; andnr~de^r, more 
vital relationship between the department of mathematics and the 
teaching of.arithmetic in the training school. Three ways are sug- 
gested for bringing about this last relationship: By more systematic 
observation of work in the grades, by more responsibility for the 
course of study and the methods of teaching in the grades, and by 
closer supervision of practi^ teaching in arithmetic Nby the depart- 
ment of mathematics. 


CONSTRUCTIVE SUGGESTIONS. 


From inferences based upon the foregoing, and from reflection 
upon the general pi;oblem, the committee believe that the best th^ry 
and practice of to-day point to the following conclusions! Thai a 
foundation in subject matter as a basis for the professional sfiidy of 
mathematics for teaching the subject in the first six grades of the 
elementary school should include a minimum of one-half yet^wn high 
school arithmetic, one year of algebra, and one year of geometery; 
that, exclusive of all courses in psychology, pedagogj% principles of 
teaching, general method, or history of education, a minimum of 
one-half year’s professional study of arithmetic should be required 
to include the following: A course in “special method,” the teaching 
of elementary mathematics which should consider the more ele- 
mentary phases of the psychology of number; principles of geneJah 


method in their application to arithmetic; educational values of 
arithmetic and the place of arithmetic in the general educational 
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scheme; the organization of the elementary school curriculum in ^ 
arithmetic; the . organization of typical units of subject matter for 
pre^ntation to appropriate grades; the development and writing of 
typical plans for teaching; the utilization of local and generab eco- 
nomic studies for number application; the observation and discus- 
sion of\ typical le.^sons in the grades showing concrete applications 
of principles developed; the place of games and other recreational 
devices in lower ^ade work in number, and the historical develo|>- 
ment of the teaching- of arithmetic, showing the place and value of 
certain metliods,'’ as the Grubcj Speer, etc. 

The committee believe, further, that every school engaged in the 
preparation of teachers of mathematics should develoj) a museum 
or teaching collection of materials— apparatus, books, pamphlets, 
papers, etc— which will aid in interpreting tlie historic developnufnt 
of the subject,, present day practice, textl)ooks, etc.; that the head of 
the department of mathematics should be largely responsible for the 
organization of the course of study in mathematics iti the training 
school i a cooperation with the department of education and the 
supervi.wrs in the training school ; that the head of the department of 
mathematics should aid in the supervision of the teaciiing of mathe- 
matics in th§i training school; and that he, as well as the'supervisors 
or critic teachers, should be able to give, demonstration lessons in 
the training school illustrative of principles of teaching developed 
in the “methods” class, and that the points of emphasis in all ob- 
Mrvations, discussions, plans, and critici.sms should be upon the 
basis of fundamental principles rather than upon petty details. 

The aim in the whole professional consideration of mathematics 
for teachers of these grades isy^ broadly, to give acquaititame with 
the fundamental principle.s of teaching arithmetic, of the organiza- 
tion of its subject matter, of its place in the educational scheme, and of 
Its historic development. The teacher should be given the»pedagogi- 
cal outlook and perspective of arithmetic, as well as the w-ays and 
means of teaching its details. He should know enough of the 
pqrchology of number to enable him to secure healthy interest and 
adequate drill and to sacrifice neither at the e.xpense of the other. 

Tlie greatest problem of all at the present time would seem to In- 
to find teachers for departments of mathematics in normal school.s 
who thmselves have the wide pedagogical outlook desired for such 
work. When teachers can be found who have its larger perspective 
and who will rej^rd ^ training school as the laboratory for de- 
veloping insight, intelligence, and a minimum of skill in the teacher 
to to sent out into the field at large, this vital, daily union of theory 
and practice will do much to increase the efficiency of the prospective 
teacher in elementary mathematics. 

' t 


127 



lUit^EUATIOS IN QBADBB 7 AND 8, 


subcommittee 5. MATHEMATICS IN GRADES SEVEN 
AND EIGHT OF THE PUBLIC AND PAROCHIAL SCHOOLS. 

SCOPE OF THIS REPORT. 

It wa^esired that this subcommittee make a special study of the 
followifig topics for grades seven and eight in public schools and in 
parochial schools: (a) The organization of the schools. (6) The 

mathematical curriculum in each type of school, (c) The question 
pf examinations from the point of view of the schools, (d) The 
methods employed in the teaching of mathematics, (c) The parochial 
schools. 

It was ^esired that the report present both present conditions and 
tendencies. 

SOURCES OF INFO^ATION. 

Jn addition to general knowledge of the ground covered by this 
report, use has l>een made of the following sources of information: 

‘ (^7) The teaching of elementary mathematics. Prof. David Eugene 
Smith, Macmillan Co. The teaching of arithmetic. Prof. David 
Eugene Smitli, I'eacliers College^ Press, (c) The teaching of mathe^ 
matics. Prof. J. W. A. Young, Ijongmans, Grt^en & Co. (d) Courses 
of* study of leading cities, (c) Responses to a questionnaire sent to 
leading cities. 

DEFmmONS OF TERMS. 

The term elementary education is probably not as well defined as 
it might be. In general it is that education which by common 
practice is deemed desirable and necessary for preparation for the 
duties and rights of citizenship. It is made compulsory as a nde 
by the law^s of the various Statens for children between the ages of 
6 and 14 years. The term public as applied to schools is used to 
denote those schools which are conducted at the expense of and under 
the control of the various State and local political unitw; tuition in 
these schools is without expense. For a more complete discussion of 
the units-see the report of the general committee dumber one. The 
term “ grade ” is used to^denote each of certain divisions into which 
the work of the elementary schools is divided. As a, rule there are 
eight such divisions. One school year of from 35 to 40 weeks is 
required for a pupil to complete the work of one grade, excepting 
that bright pupils are permitted to do the work in less time. In 
larger cities a year or two of preliminary (kindergarten) ?work for 
children between the ages 4 and 6 is sometimes given. The eight 
main divisions are called respectively the first grade, second grade, 
. etc. In^some parts of this country, notably New England, there is 
A slightly different division of the course. The function of this 
committee is to Study the mathematical work in the last two grades 
of the elementary course. 
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[ SPECIAL INTBREST m TEOSB ORADBS. 

I 

There are several reasons for special interesi in the work of 
these grades. TTie mathematical function of the first six grades is 
to give the pupils control over the mechanics of arithmetic, over 
the fundamental number, facts and proa'ssses. The fimction of the 
upper grades has not been as well defined. There are several in- 
fluences at work affecting the whol^ curriculum of these two grades, 
and especially the mathematical course. The results of certain 
psychological studies are especially applicable here; these two grades 
comprise the last part of the compulsory e<luca(ion of the children; 
they precede the high school; they corrcstwnd with certain sections 
of the school course of European schools, which are included in 
the secondary curriculum. 

INFLUENCE OF PSYCHOLOGICAL STUDIES. 

No effort will be made to go into great detail on this point; at- 
tention will be directed briefly to certain conclusions reached by 
psychologists, which am especially effective in modifying the mathe- 
matical work. 

The doctrine of formal discipline is accepted now in only a modi- 
fied form so that it is no longer deemeil sufficitMit to claim for any 
subject that it has great disciplinary value. The ediicatioiwl value 
of all subjects, including mathematics, has been and is being sub- 
jected to close scrutiny with the result that subjects and subject 
matter long retained in the curriculum, through regard for tradition, 
are being displaced by new material, equally valuable's means of 
training, but more representative of current life. When this is not 
the residt, old material is frequently dropped without any such 
substitution, on the ground that it, neither ha^s valuable ( (Intent nor 
is necessary as means of training. As in all reforms, there 'is u tend- 
ency to go to extremes in this, especially with regard to mathematics. 

' The willingness of the mathematicians to subject their science to 
the test of the new doctrine has invited the less sympathetic scrutiny 
of others who are not interested \n the subject. The result is a tend- 
ency to demand more of mathematics in this respect than of other 
subjects. 

Thedoctrij^of interest as essential in training the will is generally 
accepted as valid. Systematic efforts to study child life and needs 
have served to call attention to tlie special interests of children be- 
tween the ages of 12 and 15 years, who are just entering the adoles- 
cent period of life. The importance of safeguarding nervous energy 
at this time is generally recognized ; the need of training the hand 
and the eye along with the mind, the necessity of vital contact with 
new material rather than theoratical study as. a basis of t^al interest 
T; , and ocanprehepsion are among^he results of t^ movement 
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A large majority of the pupils of the schools do not go on to high 
school after completing the ei^th grade. There are many reasons 
for this. The laws of most States do not i>ermit the employment of 
children under 14 who have failed to complete theei^th grada Many 
who are kept in school thereby avail themselves of the opportunity 
to seek employment as soon as they have completed the grade. In 
j[nnny cases the need of getting employment is urgent; in others, the 
opportunity to do so, the fact that the organization of the schools 
makes completion of the eighth grade a definite scholastic achieve- 
ment, and the interests of pupils at this age lead many children to 
leave, even when tlieir parents are in financial position to send them 
to high school. Many parents and pupjjs feel that the next stage of 
education is dominated tw much by cultural id^ls of education of so 
general a nature that the pupils are not trained for any fwm of re- 
munerative employment. As evidence of this belief ohq^iay jx)int 
to the large number of pupils who have graduat< d from the eighth 
grade who attend private schools where tuition is charged, called 
coinmercinl schools, and to the fact that new forms of secondary edu- 
cation which have been provided in some localitiesseem to meet a real 
B demand witliout in any way decreasing the demand for the custom- 
ary forms of secondary education. For tliese various reasons there 
is a large shrinkage in the school population in the passage from the 
eighth grade to the high school. 

Those in control of the educational work of the country are more 
and more allowing this fact to^ influence the course of study in the 
seventh and eighth grades. There is increasing emphasis on such 
training as will definitely equip the graduates for their future lives 
as individuals and as citizens of the community. Forrns of manual 
training are provided and commonly, when it is impossible to fur- 
nish the equipment .for all of the grades, provision is made for the 
pupils of the two upper grades. Owing to tlie rejilization that this 
vocational training is inadequate, there is wt present a growing in- 
terest in industrial training. This movement which is destined to 
spread is certain to have its effect upon the mathematical work of the 
seventh and eighth grades. 

mPLUBNCB OF PRBPARATION FOR HIOH SCHOOL. 

It has been mentioned that many pupils who are ready for the 
high school fail to enter. It has been felt that spine pupils might be 
led to go cm to the high school if they could ha^ in the ei^th grade 
, the beginnings of some of the high school suMects. For this reason, 
La^, algebra* and a modified English (X)ur^are urged as dl^rabie 
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eighth grftde work in the hope that pupils will be unwilling to dis- 
continue these subjeds after they have once started them. In inpro 
recent years there is a reaction against this plan on the ground that 
these subjects are not properly within the scoj>e of elementary edu- 
cation a.s defined. At the present time there tktv the beginnings of a 
new administrative policy to acjcomplish the same end. Schools are 
being provided in some of the systems which are designed for pupils 
who do plan to go on to high school or whose parents wish them to 
have this relatively more academic training. In those schools algebra 
will easily find a place. It Ls likely that the futurt^ will see a growth 
of this idea* 

Again, for various reasons, the pupils who enter the high school 
find the work of the first year unusually difficult, so that many of 
them -leave school during this period. It has become customar}’ on 
thin account to speak of the gap ” between the eighth grade and 
the high school, and it is generally admitted that better articulation 
is necessary there. The efforts to “bridge the gap” have included 
attempts to modify the work both in first year high school and in the 
eightfi grade. In the eighth grade there has l>et*n an effort to con- 
centrate upon essentials of arithmetic on the one hand, and on the 
other to prepare the pupifs for high-schm>l work by introducing the 
beginnings of algebra into the eighth grade work. There are two 
tendencies to-day which are likely to lessen the influence of prepara- 
tion for high school as a modifying force in the eighth grade; first, 
there is the spirit of independence wdiich characterizes the efforts of 
each of tlie larger units of the educational system, as an evidence of 
which in the elementary school is the Iwlief that their main function 
is not that of serving as a feeder for the high school; and second, 
the spirit of responsibility on the part of each unit to take up its work 
where the previous unit has left off. This latter tendency is much 
more noticeable among secondary mathematics teachers than for- 
merly. 

mnUENCE OF EUROPEAN CURRICULA. 

The object lesson of European schools which provide under one 
administrative unit educational facilities for children from the age 
of 9 or 10 to 19 or 20, inclusive, has furnished considerable support 
for the idea that the essentials of elementarj^ scliool work should be 
completed in a shorter time so that pupils may be started upon their 
secondary education at an earlier age. This has been urged, especially 
in mathematics, where it means a change particularly in the upper 
grades. This idea received the support of the committee of fifteen 
and th9 committee of ten of the National Education Association. 

While four mfluenoes have been enumerated, it is clear that each 
affects the othew, so that they are not independent. In particular 
this Ust is’intimately associate with the preceding -one. These two 
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in a sense are antagonistic to the other two since these place tlie 
emphasis upon secondary education, while the others throw emphasis 
upon the elementary phase of education. The last two are still in 
favor among the schoolmen es|>eciallt, as in the past, whereas the 
former are supported equally by public o|)inion. 


RURAL AND PRIVATE SCHOOLS. 

The schools of the rural districts do not feel all of these influences 
®^iitrongly as do the urban schools. There is a growing effort to 
adapt the niral schools to the needs of the cmnmunity, a movement 
identical with that noted in connection with urban schools. There 
is strong feeling of the im|x>rtance of directing attention to the 
advantages of agricultural life. This influence will increasingly 
affect the work of the up[>er grades. 

In private nonparochinl schools the influences mentioned in para- 
graphs 7 and 8 are especially potent. The pupils of Uiese schools 
usually go to the high school and (»llege. In parochial schools.there 
is i^ualiy reflected s(mie of the educational policy of the public 
schools, in addition to the S|>ecial educational |>olicy of the partial 
school. In the eighth ^ade of parocliial schools the sj>ecial function 
of these schools ixuiches its consummation in the specific training of 
the pupils in such sectarian studies as enable them to enter the church 
with which the school is connected. 


organization of the grades. 

In organization there is nothing j^articularly distinctive about the 
seventh and eighth gnulos. In their relation to the grades below 
they c'ome undectho general school administration which controls the 
first eight grades. For a discussion of this organization see the 
report of the committee on general elementary' schools. In their 
relation to the schools ajEK>vc is some difference. At the close 
of the eighth grade the pupils are usually given a diploma ns a sign 
of having completed, a definite stage of their education. This diploma 
as a rule entitles the holder to admission to Jhe.high school of the 
same s}'stem and usually of any other .school systerri. The diploma is 
obtained after compliance with the ordinary requirements for pro- 
motion. Promotion is determined by the teacher of the doss with 
certain requirements in the way of examination, which will be dis- 
piissed in a later paragraph. In some cases a special examination 
is required before a pupil is promoted to the high school. 

THE MATHEMATICS CURRICULUM. 

There is a ladk of uniformity in the curricula in these two grades 
greater than, in the lower grades. Tw'o classes of curricula must bo 
considered: (a) Those which do not provide any work in algebra and 
geoxnetry; (6) those whidi do provide such work. 
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For those schools which do hot provide any algebra in the eighth 
grade (and in the country at large these schools are in the majority), 
the mathematics course may be arranged on the topical plan, the 
spiral plan, or a cmbination of the two. By a topical plan is meant 
one in which the subject matter is divided according to mathe- 
matical topics; numeration, notation, and the four fundamental 
operations are discussed in order for integers, then the same topics 
for fractions in the common form; then for fractions. in t6e decimal 
form ; then percentage ; then the applications of percentage to business 
life. By a spiral plan is meant one in which within a given range 
of numbers, say one to one hundred, notation, numeration, and cer- 
' tain processes are considered; later the range of numbers, the kind 
of numbers, the processes, and the difficulty of the applications are 
extend^ reputedly. By a combination of the two plans is meant a 
course in which, while the spiral plan isNidojjted in spirit, at various 
stages of the course certain mathematical ideas are stressed sa that 
theresj^f they may be counted on as part of the working knowledge 
of th^ clas^ subject to recall after only slight review. 

In the past the topical plan has been especialfy in vogue; at the 
pr^nt time more progressive courses of study are modeled after .the 
third plan; the second plan has had some support, but has never had 
very general favor. It is probably true that the topical plan in its 
^reme fonfll^r in a modified form is . the conimon plan in the ma- 
jority of the spools of the country. By a modified form is meant 
that typified by a series of texts consisting of two or three books de- 
signed to furnish together the necessary material for an eigl4 years’ 
OTurse. Each text usually covers the fundamental operations for 
integers, Actions, and dficimals, with additional topics in each book. 
One book is to be used for from two to four years. 

Usually the mathematics course is ^ided by such a text. In'this 
event the pupils learn in the first six grades the fundamental proc- 
esses for integers, fractions, and decimals, and denominate numbers. 
The work of the seventh and ei^th grades consists of the following: 
A review of this foundation work; special attention to percentage 
and ite most common application, simple interest ; other business ap- 
plication of percentage ; mensuration of plane and wlid figures. The 
list of applications of percentage includes such topics as bank ac- 
rounts, partial payments, commercial and bank-discount, partnership, 
insurance, taxes, stocks and bonds, exchange, and interest. In men- 
suiation is included the discussioB of the area and the volume of the 
.cmmon plahe and solid figures, square, and cube root. Besides these 
topics, the mStric ^stem, Imigitude and time, ratio, and proportion 
are commonly included in the texts. On 'account of the influences 
noted in former paragraphs, Uie tendency in the better tohools of 
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the country is to work for thoroughness and utility by omitting 
such topics as partial payments, partnership, exchange, bank disr 
count on interest-bearing notes, the more difficult work in stocks and 
bonds, longitude and time, some portions of the mensuraticm of 
solids, cube root, and the metric system. In short, there is great free- 
dom in omitting such topics as are not in harmony with modem life 
or as have been found unnecessarily confusing for the pupils. The 
time thus gained is devoted to the remaining topics and to addi- 
tional drill on the essentials. 

The problem material is contained as a rule in the book which each 
pupil possesses. Th^ texts, are written for the country at large, 
nof to suit local conditions. The problems are designed to illustrate 
the particular mathematical idea or application under discussion; 
they are usually miscellaneous in character. The influences noted in 
former paragraphs are responsible for a new attitude toward the 
problem material. An effort is now made to have one set of ideas 
running tltrough a particular set of problems. i*'or example, the 
arithmetical idea being discussed may.be percentage; instead of giv- 
ing as problems a miscellaneous lot of applications of the percentage 
idea, the problems may all be based upon information about the 
population of the country for a period of years. In other words, the 
problem material possesses a certain unity, as a result of which in- 
formation is conveyed to the pupils on the subject from which the 
material is drawn. A second characteristic of the problems now 
coming into use is that they are selected so as to give the children 
some insight into industrial, business, and social conditions of the 
city, the State, and the country. Thus there are groups of problems 
about the railroad, the mining, the agricultural, the manufacturing 
interests ; about 'the population, area, and the wealth of the city, the 
State, the Nation; problems drawn from the local newspaper; prob- 
lems involving the local tax rate, local real estate values, Iwal inter- 
est, discount and commission rates, the sto(3fs and bonds of* local cor- 
porations. This material the teachers must place before the pupils 
either orally or on the blackboard, although some school boards are 
issuing pamphlets containing these supplementary problems for use in 
their own schools. This is a serious attempt to socialize arithmd/ic. 
It makes the course consist less of figuring and more of discussion. 
Under banking for example, the nature, function, and conduct of a 
bank is discussed ; under stocks and bonds, effort is made to show 
again the kinds, purpose, value, and manner of sale of tends and 
stocks; under taxes, the various purposes for which taxes are cob 
lected and the sourcesifrom which they are obtained. The content oi 
the problems is considered quite as important as the solution of the 
problenis. 
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COURSES cortahiiro algebra. 

• 

The other type of course in mathematic^ includes some work in 
algebra, and sometimes in geometry. These courses vary even more 
than those discussed previously, because the work is relatively 
new. In some places the arithmetic work of these two grades is cur- 
tailed and condensed so as to be completed entirely by the end of the 
seventh grade or by the end of the first half of the eighth grade, the 
latter being the more common plan ; the remaining time is then de- 
voted to algebra. In other places, work in algebra is introduced into 
the seventh and eighth or the eighth grade without ^dropping the 
arithmetic; there is in this case little effort to bring about any vital 
connection between the two subjects; the time is merely distributed 
so as to cover the two subjects. Again, in a few places, an effort is 
made to introduce the algebra into the arithmetic course in a natural 
way. ^ 

Whhn algebr^ is taught in either of the first two ways, the work 
is guided by a text. This text is in some cases a brief elementary 
algebra written for the eighth grade classes, or consists of a few 
chapters added on to the arithmetic text. As a rule, the sequence of 
topics covered is that of the usual high-school text. When the al- 
gebra is introduced in the third form, it is presented through the 
regular arithmetic text,, where it is introduced as opportunity per- 
mits. For example, preceding the work in percentage, the first po- 
tions of literal numbers are introduced; then the percentage law is 
expressed as a formula, 'p = 6r. Thereafter this formula is used iri^ 
the solution of problems, for example, such as require the determina- 
*tion of the rate when the base and the percentage are given. Later 
this literal arithmetic may be extended, although it is quite clear that 
no very extended amount of algebra can be introduced in this natural 
manner. 

So far an attempt has been made to present briefly the various 
forms in which algebra is faught in the grades. No definite statis- 
tics are available to form the basis of a definite statement as to the 
prevalence of the teaching of algebra. One investigation showed 
that about 30 to 35 'per cent of the schools of a certain class taught 
algebra and these were schools of the larger cities ; taking the coun- 
try at large, it js unlikely that more than this percentage of them 
teach the subjec^. 


F0RPOSS O? ALGEBRA m THE ORADES« 




Algiers was introduced' into and is retained in the^giades for a 
number of reasons. Some hoped thereby to interest some pupils in 
the subject to such an extent that they wotdd be led to enter high 
sph(^ to comp it] others hoped that thereby the pupils who did 
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enter high school would have a more successful time in their mathe- 
matics work — in other wcwrds, it was a device for l^idging the gap.” 
With others, there was the desire to “ abridge and enrich ” the arith- 
metic course; after abridging it, they felt that the natural means 
for maintaining the mathematical element in the curriculum was to 
introduce the next higher mathematical subject, which happened to 
be algebra. It was hoped by some that the use of the literal niunber 
and of the equation would eliminate some of the difficulties the pupils 
experienced in analyzing and solving some of the arithmetic problems 
in the eighth grade course. Those interested in the mathematical 
element in education desired to carry to another stage of their logical 
generalization certain arithmetical ideas. 

Two tendencies in regard to ttie position of algebra are to be 
noted. W^ith the public at large, the subject has never appear^ as 
one of any “ practical ” value. With the current tendency to e^t in 
the schools those subjects which appear to have “ practical ” value 
is coming a feeling that algd)ra does not have a place in the eighth 
grade, especially in the form in which it has been taught. One of 
the largest cities of the country has recently entirely dropped it from-- 
the course, replacing it by the study of certain phases of local history 
and local business And industrial conditions. Another city, some- 
what Waller in size but recognized as progressive in educational ef- 
forts has introduced about the same idea into its course, "although 
there the next tendency to be mentioned has been recognized. These 
efforts, entirely independent, are typical of the feeling in some of our 


school systems. 

The other tendency is toward an extension of the third plan of 
teaching algebra. There is in this country a growing belief that in 
the past too sharp lines of demarkation have existed between arith- 
metic, algebra, and geometry and there are efforts being made to 
bring the three into closer relation. In the elementary school, as 
early as the sixth grade, certainly no later than the seventh^ certain 
elements of generalized arithmetic should be introduced and should 
be carried along, with the arithmetic until the pupils becomeTamiliar 
with literal notation and the equation. This work is not properly 
called algebra as the number field would not necessarily be extended 
to include negative as well as positive numbers. This form of literal 
arithmetic presents all that is practical of algebra for ordinary pur- 
poses. So much of it is decidedly of utilitarian value since the 
medianics of to-day who wish to read trade journals need to be 
familiar with it. This form of literal arithmetic has in its favor most 
if not all that can be said for algebra as an ei^th-grade subject 

It seems probable at the pre^nt time that these two tendencies 
will beconle more pronounced, i. e., there is altfiost certain to be more 
dissatisfaction with the extreine form of Algebra brought down ttom 
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the high school, and as'jhE^hers are trained for the ww^k, there is td 
be, it is hoped, greaterlnterest in the form of generalized arithmetic 
outlined. 


OBOMETRY IN THE GRADES. 

The melioration of certain geometric figures has always been ih- 
^ duded in American arithmetics. In recent years, as has been said, 
there (las been a decrease in the extent of this work. It was formerly 
the practice to have this work consist mainly of definitions, formulas, 
and problems. This has been changed by giving experimental and 
intuitive verifications of the formulas. It has been uncommon to have 
' any other form of geometry, except in isolated places where some 
form of constructional, inventional, or concrete geometry has been 
introduced. The motive has been to teach certain elementary ideas 
of geometric forms, to train the hand in the use of customary drawing 
tools, to train the eye in its judgment of geometric forms and 
relaticHis, and to train the mind in such general functions as obser- 
vation and generalization as pertaining to geometric data. This 
work has been attempted usually under the guidance of a pamphlet 
, prepared for some specific school by those interested in such work. 

The movement has not spread much. Possibly one reason for the 
slowness of the introduction of this work has been the custom of in- 
cluding in the art course usually given in American schools some 
“mechanical” drawing— constructions with the straightedge and 
^ compasses. This custom has been 'unfortunate, at least from the 
mathematical standpoint, as, in the drawing course, the emphasis has 
bwn upon. the results; the possible cultivation of desirable habits of 
geometric study, and the possible training of the powers of observa- 
tion and generalization have been largely neglected. A further 
reason for the lack of such is the scarcity of teachers acquainted 
with and prepared to teach geometiy inductively. The majority 
have studied geometry only in the Euclidean form. 


EXAMINATIONS. 

Examinations given in the schools arc of three kinds: (a) Those 
given by the teachers themselves; (ft) those given by the supervisory 
officers of the schools; (c) those given by a school to determine the 
qualifications of pupils who wish to enter the school. 

The examinations given by the teachers are of two kinds: The 
ordinary written recitation and the stated examination^ which may 
be required by the school regulations. The first should not be called 
examinations in one sense of the word, since they cover usually only 
a short interval of previous instruction and are given as a means of 
affording the same sort of drill for all of the class or as a means of 
detecting weaknesses as a basis for farther teaching. Such written 
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lessons are left entirely to the teacher, although it is advised that 
they be given frequently. Such “examinations” are in every respect 
desirable. ^ , / 

The other form of examination given by teachers is more formida- 
ble. Most school systems provide that the standing of a pupil in a 
class shall be determined in part by examinations given at stated 
limes. The examinations may occur monthly, quarterly, semiannu- 
ally, or ann^lly. They count from one-half down in determining a 
pupil’s standing. When the questions are prepared by the teacher, 
the questions and the papers are at the disposal of the principal or 
other supervisors. The teacher, has an opportunity to adapt the 
examination to the capabilities of the class, and can allow for the 
individuality of the pupils. Under this plan a sympathetic influence 
is likely to pervade the examination. As a means of administration 
this' form of examination depends for its success upon the teachers 
and the opportunity of inspection. As an educational practice it is 
to he commended as compared with those examinations which are 
not prepared with the same sympathetic recognitiohaof the pupils’ 
interests, which the teachers are likely to display. 

As a rule uniform tests are given in most school systems for ad- 
ministrative purposes. The questions are prepared either by the 
superintendent or by 9, committee of principals or teachers — usually 
principals — working under the direction of the superintendent. In 
few cases do the teachers have any choice concerning the questions 
. which they submit* to their classes. The teachers grade the papers 
and then submit them to the principals. These examinations are 
given to set standards of work, to interpret the course of study, to 
promote uniformity throughout the system, to bring out the weak 
points in the teaching, and to point out conditions in the school. 
In some cafees it is urged that these examinations train the pupils to 
prepare their thoughts on a subject in good order in a limited time. 
In general the interests ojt the pupils are served only indirectly by 
these examinations as the emphasis is upon the administrative ad^- 
vantages. The results are sometimes used in determining a pupil’s 
fitness for promotion, although it is seldom* that failure in these 
examinations is allowed to retard a pupil’s progress. 

These examinations are an effective administrative device. Their 
success depends upon the experience, the wisdom, and the ideals of 
the supervisory staff. As a rule, these examinations do not me^ 
with favor among the teachers. There is a feeling that the test is 
one of themselves rather than of their pupils. From what has been 
. said this appears to be true, although it depends upon the purposes 
of the supervisors. The better teachers recognize the advantages to 
be gained, and, having the proper professional spirit, they are willing 
to have their work compared with that of their colleagues 4n other 
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fichools. The examinations are opposed also because of their 
upon the pupils. It is contended that the pupils are subjected to a 
Mvere nervous strain so that they do not do themselves or their 
teachers justice. This is possibly true. The evil results, however, 
may be minimized under wise supervisioy. If the teachers adequately 
prepare the pupils for Jhc tests by reviews, and if the tests are 
adapt^ to the possible ability of the pupils, the evil results men- 
’ tioned are not necesMry. In the larger cities the difficulty of con- 
ducting these examinations is great, owing to the wide diversity in 
the population in various parts of the city. Another objection raised 
to such examinations is that thereby the teachers are hampered in 
their woric, with the result that there is little progress from year to 
year. This again may or may not be true, dependent upon the super- 
vision. As a rule, the supervisors of the schools will ^ that the 
tests promote rather than retard progress. 

Another form of examination proposed at the present time is that 
designated as the “ standardize ” test. For a complete discussion 
of the nature of these tests, see the report by Dr. C. W, Stone, in the 
report of subcommittee No. 2 of this general committee. As to cur- 
rent practice, it is safe to say that little work of this nature is done 
in the schools. As to tendencies, there is little evidence upon which 
to base a statement one way or another. It would seem well for 
those in charge of the general tests just discussed to introduce into 
them such of the elements of these standardized tests as seem appli- 
cable to their needs and purposes. 

In the eighth grade tests are sometimes given to determine the 
fitness of pupils for promotion to high scSool. This is not a common 
practice, however. 

V ■ ■ 

METHODS OF INSTRDCTIOir. 

It IS possible to speak only in a general way of methods of instruc- 
tion as these vary with schools and. with teachers. Much that can be 
- said on this topic for the two upper grades would apply equally well 
for the other grades, 

CLASS mSTRUCnOH. 

In all of the schools instruction is given to groups of pupils vary- 
ing ih number from 5 to 80 or more— groups called classes. The aver- ^ 
age size of cksses is probably in the neighborhood of 20 and a stnmg 
effort is being made in all cities to cut down larger classes to this 
number. This form of inrtruction is called class instruction. There 
have been numerous attempts to modify this form of instmctic^i 6y 
various forms of individual instruction in order to meet in a better 
If the needs of weak pupils. In some sobocds fecial teachers are 
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employed to take diarge of any pupUa from any class who are back- 
ward in their work. As a rule, however, the re^lar class teacher 
does this herself either before or after regular school hours. An 
effo^ is made of course to organize the classes so that all pupils in 
th^lass will have as uniform ability as possible, 

recitation and study time. 

In most schools the arithmetic class meets daily for from 20 to 30 
minutes. This time is known as recitation time. Besides this the 
pupils of *<he class usually have in school another period of equal 
length for the study of arithmetic. This makes the total time for 
arithmetic vary from 200 to 300 minutes per week,' In most schools the 
children do no studying on arithmetic at home; in the upper grades 
they probably do, although the tendency to-day is relieve pupils 
of any home preparation in mathematics in the elementary schools. 
Each pupil possesses a book. This book is not merely a collection of 
problems; it is usually a text providing tjie necessary theory and such 
explanation as seemed wise to the author. From the terminology 
used to denote the two periods, it is obvious that at some time the 
pupils. were expected to prepare themselves in the “study” period 
on certain assignments in the text upon which they later recited in 
the “recitation” period. This was especially true in the upper 
grades, and unfortunately is probably true in many classrooms to- 
day. In the majority of schools this, condition has undoubtedly 
changed ; the recitation period should properly be called the “ teach- 
ing ” period and the study period mighf better be called the “ work ” 
period. The class time was formerly given over often to indiscrim- 
inate recitation on the solutions which the pupils had performed out- 
side of class; it is now given over either to carefully planned drill or 
to instruction by the teacher on some new topic. The study time is- 
used to "supplement the class time. 

DIVISION OF THE CLASS TIME. 

One of the characteristic features of the teaching period is the men- 
tal work. It is common practice to direct the teachers to devote from 
one-third to one-l^lf of the class time to oral-mental work. It is oral 
in the sense that the teacher gives the directions orally ; it is mental 
in the sense that the pupils perform the necessary computations with- 
out use of pencil and paper. The responses of the pupils are pven 
either orally or in writing. This work is designed either to main- 
tain efficiency through wise drilling on topics previously taught or 
to lead up to and teach some new topic. This must be considei^ a 
feature of current teaching method, since formerly much of ihe class 
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time was given over to “ recitation ” by the pupils on work which they 
placed up<Mi the blackboard. 

There are occasions when it is worth while to have the whole class 
solve problems in writing; this is especially true in the upper grades 
where the conditions of the problems become more confusing. As a 
rule, however, written work is done outside of class. In the past 
pupils have been reqiiired to present more or less elaborate analyses 
of the solutions for their problems. The de.sire was to have the pupil 
set forth in detail the process of thinking by which the solution was 
accomplished. The advantage of such solutions to the teacher is ob- 
vious; it is an equally obvious fact that .such formality is entirely 
foreign to the natural, rational mode of presentation which an adult 
would use in ordinary life. Such a requirement is subject to criticism 
also because it confuses the pupils. The tendency now is to ask the 
pupils to give a clear nresentation in good form; in the upper grades, 
they are encouraged t«use any “ short cuts ” of which they know, and 
to do mentally as muai of the computation as they can. Another, re- 
form which has bee^accomplished is the discontinuance of elaborate 
forms of rilling oiUhe papers, a practice which has been altogether 
too prev^alent in theipast. 

RAPiprry and accuracy. 

The teachers of the upper two grades seek to develop in thei r pupils 
skill in computing which will enable them to perform ordinary cal- 
culations with rapidity and accuracy. In the lower grades the pupils 
are taught the processes and the number facts ; in the upper grades 
the emphasis is properly turned in this other direction. 

The mental work has this as its aim. The pupils are frequently 
given problems to solve in a limited amount of time; they are en- 
^ couraged to compete with one another by being invited to rise when 
they have solved the problems; they are given honorable notice in 
various ways for achievement in these respects. 

COKCRBTB METHODS. ' 

On account of the influences mentioned in former paragraphs, the 
teachers endeavor to makenthe instruction as concrete as they' can 
without going to the extreme of objectifying relations which are 
obvious. Thus in the discussion of commercial forpis, actual samples 
are exhibited; checks of some rear! or imaginary bank are drawn in 
cl^; account books are kept by the pupils and are balanced monthly 
Mch child filling in records of real transactions when possible- 
intOT^-bearing and noninterest-bearing notes are shown; banks are 
, visited^or cemducted in the schoolroom ; the class resolves itself into 
.a stockbrokers ofllcS, one member acting as the "broker and the 
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remaining members of the class acting as buyers or sellers of stocks or 
bonds. In mensuration, actual measurements are used when possible; 
problems are sought in the manual training department; formulas 
are obtained by experimental methods instead of being taken on 
faith and then used. The teachers endeavor to give to their classes 
clear impressions of a few things rather than superficial word knowl- 
edge of many things. 

DEPARTICENTAL TEACHING. 

One especially characteristic feature of the seventh and eighth 
grade work is the practice of having the mathematics, and some of the 
otlier subjects, taught hy teachers who as a rule teach no other sub- 
jects. In tlie lower grades this is not common. This is known as de- 
partmental instruction. It is quite common in the larger school 
systems and is being extended as rapidly as circumstances permit 
The teachers in charge of the departmental work are usually the more 
experienced teachers of the system and as a rule have had special 
training for their work. In many cases college graduates are obtained 
ifor these positions, whereas usually the teachers in the elementary 
scl^ools do not have collegiate training. 

Departmental instruction is favored because of the obvious ad- 
vantage of having for this upper grade work teachers who are 
'specially interested in and qualified to teach their subject. Depart- 
mental instruction has the disadvantage of placing the training of 
young children in the hands of each of several teachers, working 
independently, with the result that often the emphasis is placed upon 
teaching the subject rather than upon the education of the child. 
This difficulty is obviated by wise supervision, under which there will 
be cooperation between the various departmental teachers in any one 
school. 

INDUCTION AND DEDUCTION, 

It is very likely that no conscious thought is given to these two 
types of teaching methods by thfe majority of teachers. At the same 
time it may be said that the instruction is either by inductive methods 
or by rule followed by practice. The habit of proceeding from “ the 
known to the unknown,” from “the simple to the complex,” is so 
characteristic of the teachers that they approach new topics when- 
ever it is possible by inductive, means. For example, the nature and 
the meaning of “paying interest” for the use of money may be ap- 
proached through the acquaintance the pupils have with the practice 
of paying “rent” for the use of a house; the nature and meaning 
of shares of stock may be approached through the pupils’ experience 
in contributing their share toward the expense of a picnic. On the 
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other hand, when it comes to a procees such as finding the square 
root of a number, the books as a fule develop the process in the usual 
way with the aid of the formula for the squarre of a binomial; but 
the teachers are commonly advised to simply illustrate the process 
and then fix it in the minds of the pupils by adequate drill. 


THE PAROCHIAL SCHOOLS. 

This investigation covers the field embraced by Roman Catholic 
parochial schwls, which number in the United States 4,845, having a 
total registration of 1,237,250 pupils. These schools outnumber other 
schools maintained by any single church organization, and for this 
reason they are selected for this investigation. In general they do 
not charge any tuition, unless to pupils not residents of the parish. 
They are in most cases supported by the Roman' Catholic Church 
from a fund voluntarily contributed by members of the church. In 
inany instances, however, where such a fund does not exist tuition 
ia cnarg^ at 50 cents a month for the lower grades and $1 a month 
or more in the higher grades. 

The committee finds none of them to be endowed in any way or to 
receive any State or municipal support. , 

The Roman Catholic Church divides the United States into 70 
dioces^ in each of which a board of supervisors has charge of the 
educational work in the parish schools, It is the business of the 
diocesan board to make out the course of study for thfi various schools, 
sel^t the books to be used, and to pass on any matters pertaining to 
the work of the schools. 

The teachers, being generally members of religious orders, are 
appointed by the superior of the order to which they belong, as rec- 
ommended by a committee acquainted with the attainments of the 
candidates. The* different religious orders have a community inspec- 
tor of schools who reports to the superior on the efficiency of the 
teaching staff. The following ^Ilabus of mathematics as taught in 
the seventh and eighth grades is selected as repre.sentative of the 
better class of schools and is from the Philadelphia diocese. 

ABITHME3TIC— SEVENTH GRADE. 

(1) Drill exerclBee for accuracy and spee^. (2) Miscellaneous problems In- 
Tohrlng fractlona (8) 'Mnldplicatlon. division, and miscellaneous problems on 
dedmals. (4) Denominate aiuounta; (a) Mteaurementa, extending to^drcle 
and ^Undav; ,(5) afinpound amounts in use; (o) longitude and time. (5) 
Pmentagec.ta) ^lew and extension of sixth year’s work; (b) bank dlscoimt. 
(6) Ratio and proportion ; (o) Ratio; (b) simple. proportion ; (c) proportional 
parta 

ABITHMimC— EIGHTH GRADE. 

(1)' Common and decimal, ffactloiis; underlying principles considered and 
.. applied. Deminlnato amounta <8) Percttitage: (a) Review and exteoatoh 
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of seTentta ymr work; (6) stocks and bonds; (c) compound interest; (d) 
drafts and eicbange; (e) partial payments. (4) Proi»ortion and partnership. 
(5) Powers, roots, and nitmsuratlon. (0) Review of practical measurements: 
(rt) Plane aurfaces; (6) triangle?, quadrilaterals, regular pyramids, right cylln* 
dern. right ct>ncs. frustums of regular pyramids, and cones, spheres; (c) similar 
tlgurea. 

ALGEBRA— SEVENTH GRADE. 

(iT^Jxplanntion of algi'brnic terms to be einploy<Hl and lllustroliona of their 
uses. (2) Literal expressions; their nmnerlcal value o6tnlne<l. <3)h ComiMirl- 
son of arltlmietical and nlgebriiic wdntlons of simple problems, and solution by 
j)lgel)ra of many such problems. (I) l^osltlve and negative (luuntltlea explained 
ami practical problems employing their us<*s coubidere<l. (5) Addition and 
subtroetlon. (G> Parenthes(.*s. (7) Multiplication and division. 

AI.UERRA— EIGHTH (HIADE, 

O) Review of addition, parentl»t»S(*s. umltlplleatlon. and dlvigUu/, (2) Com* 
|M»sitlon and factoring. (3) Highest eommon divisor and low^t common mul- 
tiple^ (4) Fractions. (5) Simple (kjuatlons. 

The rtverap^e ape of pupils entering the seventh grade is between 
li? aiuH3 years, and at leaving the eighth grade about 14 ye.ins. In 
about half the schools re])orling, promotion ^rom grade to grade is 
determined by the teacher. In the rtuuaining sch<X)l.s promotions 
are recoinineiuled by the teacher and tleterniineil by the ])rincipal. 
All schools average .the class work and cxaininntion in determining 
promotion, usually each counting oO per cent, hut n few. giving two- 
thirds credit for class work. In the case of .st^venlh and eighth grade 
e.xaminnlions, some schools give the questions as made out by the 
city snpcM’intendent of public schools, and papers are marked by 
public scdiool authorities for eighth-grade examinations. Where 
('atholic high schools exist the principal and teachers make out the 
que.stioii.s, while the examination is conducted by the (enchei; and the 
pii])ers are insjH‘cted by higher authorities. About one -fourth of 
the schools permit of a choice of ten questions out of eleven, the 
others allowing no choice. 

Regarding promotion after failure fo pass in a mathematical sub- 
ject, a wide diversity of .practice exists. The question asked 1n this 
respect was, "To what extent iloes failure in a mathematical subject 
retard a pupil's progress?’' Some answers received were ns follows: 
‘‘As a rule, a mark below GO per cent in any mathematical class re- 
quires a repetition of the class’'; “Considerable deficiency influences 
a pupil’s promotion”: “ Not kept longer than two years in a class”; 
“ Mathematics is one of three studies on which promotion is based”; 
“ Conditional promotion is given,' but is withdrawn if progress is 
not made-^’; “Must cover program again”; “Must stay in cla.ss”; 
“Tho.se notably deficient are not promoted”; “Debars pupil from 
promotion”; “Passes to next year’s grade if only failure is in 
mathematics.” 

• 1442’— U ^10 
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I^motions are made annually or semiannually about equally. In 
regard to the pbject influencing the teaching of mathematics, prep- 
aration for high school stands first, the demands of the business 
world second, and about 20 per cent report discipline and culture as 
the predominating influence. 

Oral work in class, which is given in all schools, varies in extent 
from 12 minutes to half the recitation period daily, and nearly all 
schools report a preliminary discaf^sion of newly assigned topics 
until a sufficient knowledge to proceed has been obtained. 

The siae of class varies, in different localities from 10 to the 
average class for the seventh grade being 34, and for eighth grade, 
27. The usual time spent in recitation per week is 200 minutes with 
150 minuter per week given to study in school. There is also some 
home work given that re<juires alx>ut 30 minutes nightly. 

- Id the eighth grade, -the time*given to recitation and study are 
about as shown for seventh grade,* and some algebra is often intro- 
duced. 

Reforms contemplated are, ““ more oral work," “ to apply the work 
to problems o( personal interest to the pupil," to eliminate the non* 
essentials and emphasize the es.sentinls," '^better work in oral arith- 
metic," '“‘more drills for thoroughness." 


SUBCOMMITTEB 6. PREPARATION OF TEACHERS FOR 
GRADES 7 AND 8. 

In preparing this report the committee attempted to obtain in- 
formation from both public and private element aiy schools in ac- 
cordance with plan suggested by the American commissioners” 
Practically no r^ponse was received from private schools to which 
blanks were sent, and hence the report is limited to public elementary 
schools. ^ 

L~ PRESENT STATE OF ORGANIZATION. 

TXAOHES8. 

\n investigating the present state of organization, the tabulation 
of elementary schools given by the United States Commissioner of 
Education in his report for 1908, volume 2, pages 502-617; 696-611, 
was used. In these tables are listed 531 schools in cities of over 
^8,000 population, and 670 schools in cities of 4,000 to 8,000 population. 
The first group is known in the report as Class A and the second as 
Class B, ^ * 

^ive hundr^ cities, 250 from each class, were selected for the 
purposes of the report, each member of the committee selecting 100 
from the section ass^ed to himi 50 from each class. Only^ graded 
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schools were chosen, and each State was considered in proportion to 
(he number of its school sjslems. 

In response to a questionnaire sent to the 500 cities, 238 replies 
were received as follows: 


NTMUKIt OF t’lTIKS UKI^)ItTINO, 

North Atlantic 2i» 

South ^(ttlaiitlc 13 

Sonih LVntml 1 13 

Nortli Oefitnil ... 

Wt'steni . - . . . . i;t 

The following (ahles siiimnuri/e (he inforiuution meived fi*om 
(he cities: 

Table \.~Trachfr». 



Class H. 

i5» 

lu 

13 

11 

13 

11 

... iU 

r>4 

... 13 

11 

ireived 

fi*om 


Nimit>er tn srvfjith and pl^htb . 

ftTWlfS. I 


Prtf«T«)rp of citiwi as ♦<> box of trachers tar 
9o\’omh and oighth grades. 



A 


n 1 


A 

1 

j 

1 

1 

n 

• 

Ucn. 

Women. 

yen. 

Womwi. ^ 

j 

i 1 

1 Women. 

1 ■ 

No 

ivefer- 

eiu'e. 

i 

Uen. i 

! ■ i 

1 Woihen. 

No 

preler- 

etxf. 

North Ailamle 

(iTtJ 

2,642 

11 

131 

11 

S 

6 

7 

6 

3 

South Atlantic 

41 

164, 

r 16 

37 

5 

S 

1 

5 

3 


South (VntiuJ 

40 

155^ 

^ 10 

3t) 

9 

1 

2 

5 

4 : 


North Central 

tt»a 

1,603 

55 

204 

ft 

17 

9 

31 

. 7 1 

8 

Wfttlern 

35 
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30 

69 

H 

1 

I 

5 

1 

1 

ToUI 

9S7 

4,017 

113 

559 

61 

25 

19'" 

53 

21 . 

12 


Table 2. — Prrparo/ion of prf4^nt tf aching force in grades 7 and 8. 


1 

i 

Actual. 

Pre feren(>e by c 

t1le;«. 

High 

st'hool. 

! College. 

1 

! Norinal. 

i 

4ii«h 

school. 

College. 

Normal. { 

1 

North Atlantic: 







A 1 

I M95 

316 

053 

13 

15 


B 1 

! 0 

90 

126 

3 

16 


South Atlantic: 





A ! 

tf 

41 

no 

11 

7 


B ■ 

i 

19 

41 

1 

9 


South Central: 

i 






A 

; 62 

■ 52 

139 

‘8 

3 

3 

B 

1 19 

ft 

' 31 

4 

6 

3 

North Central: 

1 

-C ■ 





A 

115 

ftsa; 

. ■ 1,737 

21 

38 


B 

60 

iir 

311 

19 

31 

1 

Western: 



A 

'U 

121 

^ 137 

5 

7 


B 

' 21 

53 

55 

4 

4 

3 

Comhlned: 







A 

1,1S3 

1,488 

3,066 

58 

70 

3 

B : 

117 

381 

564 

31 

66 

8 

Total 

1,250 

1,764 

. 3,630 

89 

136 

7 



In New York City the preparation required men teachers in 
grades seyen and eight is: (1) College course and one to three years’ 
experience; or (2). a normal school course and three years’ experience. 
In addition there is required a promotion license based on, (1) three 
years’ experience ; (2) 00 hours’ professional course; (3-) examination 
in arithmetic, algebra, and geometry. For women teachers the re- 
quirement is (1) normal school course and one yl®ft’ experience; 
(2) New York State life certificate and five years’ experience; or (3) 
college course and one years’ experience. 

In two cities of Class A and three of Class B, men are preferred 
for the eig^h grade and women for the seventh. In New York City 
men are pftf erred for teaching boys and women for teaching girls. 
In Auburn, N. Y*, and seven other places reporting, the preference 
is for an equal division of men and women teachers in the grades in 
question. There is a general opinion that on the present salary^ basis 
women teachers are preferable to the men who are willing to work 
at present rates of compensation. 

OOTTBSE or BTTOY. 


The course of study mathematics for the ^^venth and eighth 
grades of the public schools throughout the tjnited States is remark- 
able for uniformity. In the seventh grade- the usual topics are de- 
nominate nujtfters rfnd percentage; in the eighth grade, applications 
of percenfage— discount, insurance, notes, stocks and bonds, etc.* 
These topics are supplemented by review or advance work as time 
allows. For example^ in'a typical school we find in the seventh. 
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pa(^e in addition to the topics named above, analysis of problems, 
ratio, fractions, decimals; in the eighth grade, proportion, powers 
and roots, longitude and time. 

The excellent course of study in mathematics for the public schools 
of Augusta, Me., says: “ Up to this time (seventh grade) the pupil 
has been, to a large extent, a mere reckoner; he should now become 
something of an arithmetician. The Ynnthematical mind was a late 
development in the race, and its growth in the child should not be 
forced.' It is believed, however, that this grade marks the approach 
of the time when the pupil should pass from mere control and 
manipulation to understanding and investigation. He may now be^ 
asked to define arithmetic, or at least attempt a definition, and should 
appreciate some of the difficulties of its development. 

“ No discrimination need be made between algebra and arithmetic, 
nor between algebraic and arithmetical solutions. Pupils should not 
feel abashed in the presence of a;, but should regard it as a good 
friend, employ it habitually, and if possible, unconsciously, to repre- 
sent unknown quantities, and solve the equations containing it en- 
tirely as a matter of course.” — Course of study in mathematics for 
the elementary schools, Augusta, Me., 1909 

In this connection it is interesting to note that of the 2^8 cities re- 
porting to the. committee 11 of Class A a^ 7 of Class B teach alge- 
bra in the seventh grade, while 47 of Class A and 26 of Class B teach 
it in the eighth* grade. Concrete geometry is taught in the seventh 
grade of 8 Class A schools and of 3 Cla^ B schools; it is taught in 
• the eighth grade of 10 Class A schools and .of 8 Claas B schools. 

In New York City the consensus of opinion of the large majority 
of principals is that the inventional geometry and algebra of the 
seventh and eighth grades should be entirely omitted; that these sub- 
jects should be relegated to the high school, and that the time gained 
should be given to pure arithmetic. 

In Chicago the board of education has recently voted to drop 
algebra and geometry from the seventh and eighth grade courses*. 

A very few'schools reported stich unusual features as the correlation 
of arithmetic, algebra, and geometry, and the segregation of pupils. 
The department plan is used by 103 schools. 

In Class A 99 schools reported the present course satisfactcM^, 
while 30 reported the opposite. In Class B 58 schools reported course 
satisfactory and 89 reiiorted unsatisfactory. As causes of dissatis- 
faction 88 gave “ poor teachers 49, “ course of study 12, “ large 
classes 10, “ lack of time ”; 1’8, “ poor pupils 12, “ textbooks.” 

In response to a question relative to the attempts to “ humanize 
mathematics,” 68 report “ good 80, “ none ” ; 27, “ doubtful.” The 
effect of manual training is considered “ good ” by 104, “ none.” by 9, 
and doubtful ” by 86* 
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Among recent improveHinents, 28 report "n<me”; 64, “ course ol 
study”; 51, “teachers”; 32, texts”; 3, “salaries”; 9, “ depart- 
ment teaching.” 


n. THE TRAHIINO OF SEVENTH AND EIGHTH GRADE TEACHERS OF 

MATHEMATICS. 


1. OITT TEAIXIHa BOKOOtS. 


Of 132 Class A cities included in this investigation, 29 report city 
traini^ schools wit^an attendance of 127 men and 3^22 women. 
Of this number, 113 men and 2,182 women are reported from the 
three New York City training schools. 

The plan of organization varies from the St Louis five-year course 
for high-sch(^l graduates to that of a department of the high school. 
Local conditions govern in this matter.* /Theory and practice are 
about evenly balanced in all cases. Academic instruction varies 
from the firat two years of a* university course, as in Cincinnati, to 
none at all in 11 schools reporting. 

Fifteen of these training schools give opportunity for practice 
teaching of mathematics in grades 7 and 8. The longest practice 
period reported is that of Cambridge, Mass. In -that school one year 
of practice teaching is offered and cadet teachers are paid $200 to 
fi2JM) per year. 

^ Seven c,ity training schools offer courses in the history and teach- 
ing of mathematics; one mentions as a special feature a mathematical 
library. 

In response to a question as to the conditions which a rational 
preparation of teachers for the grades in question should fulfill, re- 
plies were received as follows; Massachusetts — (a) normal or college 
diploma, (i) summer school course at least fevery third year, (c) 
membership in local mathematics club, (d) membership'in New Eng- 
land Mathematical Association; Virginia — -(t?) high-school course, 
(5) good normal course, with practice work; Georgia — (a) teaching 
knowledge of subject, (b) practice course, (c) raticmal ^ourse in 
P®dag»gy; Indiana— inexperienced teachers should not he allowed 
in seventh or eighth grade work; Iowa — good knowledge of arith- 
metic, algebra, and geometry ; Missouri— more attention to subject 
matter, but method not neglected. The remaining 23 cities offer no 
suggestionikon the question. 


a uRxruaiTT avd ooxma xkxvARTuan or xhvoatzov. 
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Sixty university and college departments of education reported as 
follows:. North Atlantic, 7; South Atlantic, 10; South Central, 6; 
North 'Central. 82 ; Western, 5. 

Twenty of these schools offer opportunity for general practice 
tea^ng in mathematics and 15 give^practioe in grad^ 7 and >8 of 
;LV Twenty-two otfer . course in the 'teadiing of 
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done in 18 schools. In the rational preparation of teachers, 85 believe 
*that emphasis should be laid upon subject matter, while 21 wo^ld 
stress method. 

In all of these schools students preparing to teach have access to 
the regular college and university courses in mathematics. 

S. STATE HOBKAL BOHOOL8. 

Reports were received from 88 State normal schools, as follows: 
North Atlantic, 17; South Atlantic, 5; South Centr^ 8; North 
Central, 8G; Western, 14. 

Seventy of these schools require general practice teaching in 
mathematics, while 66 require it in grades 7 and 8 of their training 
schools. Courses in the teaching of mathematics are offered by 52, 
and coui^s in the history of mathematics by 14 schools, while 5 give 
opportunity for jr^arch work. - v * 

The mathematics course in normal schools varies greatly. The 
minimum is a high-school course.^ About one- fourth offer college 
courses in mathematics. Nearly all of this group are in the North 
Central and Western States. 

4. PRIVATE HOEXAL BOHOOL8. 


Forty- two private normal Schools sent in reports. They were dis- 
tributed as follows: North Atlantic, 3; South Atlantic, 19; South 
Central, 8; North Central, 11; Western, 1. 

Of this number 28 have practice schools, and 24 give special 
training in teaching seventh and eighth grade mathematics. 

Courses in the teaching of mathematics are offered by 20; in the 
history of the subject by 4. Two of them give opportunity for re- 
search. 

In connection with both public and*"private normal schools, it is 
a matter of special interest that, contrary to the usual opinion, the 
majority lay emphasis upon subject matter of mathematics in teacher 
preparation rather than upon method. Sixty-one would emphasize 
subject matter, while 22 would lay the emphasis upon method. 

fi. THE FORWARD XOVEICEHT IX VEW TORE. 


(a) In New York City in April 1911, the board of education 
took action requiring all teachers not holders of a grade “A” license 
to pass an examination before promotion to positions in seventh and 
eight grades. For the improvement of the teaching of mathematics 
in guides 7 and 8 the following steps have been taken: 

1. Special attention to the subject by many of the district superin- 
tendents in principals’ conferences and in holding tests for different 
grades uniform throughout their respective districts. 

2. The issuance of an important special circular by the city super-" 
intendent indicating the main errors committed in teaching mathe- 
matics in the city schools and pointing the way to jrmedy thorn errors. 
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3. The eetabliflhment of courses of instruction in the history of 
mathematics and m methods of teaching elementary mathematics. 
Some of these courses have been given under the independent auspices 
of teachers’ associations, others have been given in cooperation with 
local imiversities, and others have been given independently by local 
universities. 

4. The local teachers’ and principals’’associations of the Borough 
of Brooklyn have jointly prepared a carefully devised general teach- 
ing plan in mathematics for the purpose of securing desirable uni- 
formity in the sequence of topics in the schools of the borough. 
This plan is widely used. 

(6) In New York State revisions of the graded-school course are 
in progress, which will very materially affect the work of the next 
five years. The following extract from the 1910 report of Commis- 
sioner Draper indicates the nature of the revisions : 

A Byllabua covering the first six grades is submitted.* ♦ ♦ ♦ It has not 
been possible nor was It expected that all of the present work of the seventh 
and eighth grades could be put In the six years’ course. ♦ ♦ ♦ The Inter- 
mediate course covering such grades to round opt the elementary course has 
been prepared. It. Is In this two years’ (seventh and elt?hth years) course that 
the elementary work wl|[ begin to differentiate. The regular course will lead 
to the present hlgh-school course. It includes arithmetic, history, English, 
physiology, modern lunguages. and other subjects which have previously been 
considered in academic work. ♦ ♦ ♦ This two years’ course also includes 
work specially adapted to preiiarb pupils for commercial and industrial courses 
In high schools and In trade schoola 
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Some of the general opinions concerning rational preparation of 
teachers are noted here. They are fairly representative of the whole 
^ group. 

From a Pennsylvania normal school : 

A more complete appreciation of the subject matter, emphasizing Its phil- 
osophy and the need of absolute accuracy of statement and of result. In addi- 
tion to this must come an appreciation of the mental activity to which the 
various phases of the mathematics make their, appeal, why this is so, and the 
means of making this appeal most effectively— this I think of as the pedagogy 
of mathematlca 

From Commissioner Draper’s 1910 (New York State) report: 

The normal schools are charged with the special duty of training teachers 
for the elementary schools. * ♦ • The elemeitary work of the seventh 
and el^th grades Is to be so radically changed under the new syllabus that 
' wclal provfslcm must be made for training teachers for these grades so that 
more men will otter this field of teaching. 

From a New York State normal school : 


(I) It (rationa] pro>aration) dionld give a thorongb knowledge of the sub- 
(2) U Of the 
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subject from tbe beginning, sn4 the of teaching the subject; (3) It 

should include a discusalon of modem Movements and modem tendencies, and 
the consideration of the different classes of material with which the teacher 
should be provided. * ♦ • The average normal pupil’s knowledge of algebra 

Is too limited to enable him to follow any discussion of methods of developing 
topics In algebra, 


A new Jei^y State normal school : 


Students who come to us from high schools which give the best preparation 
In mathematics are the best students In methods of teaching arithmetic. There- 
fore a round course of matbematlQp before methods of teaching. 

' Southwest Texas Normal School : 

Whea the entrance requirements are low, nearly If not all the time should be 
given to the acquisition of subject matter. As entrance requirements are 
raised, more time shou^ be giveji to the professional work of the subject. 

University of Texas School of Education : 

The training of teachers of mathematics for grades 7 and 8 should include 
these features: (a) Scholarship, including feolld geometry, trigonometry, ad- 
vanced algebra, and some analytics; {b) a course in genera 1 ■‘method ; (c) a 
course In psychology. Including developmental psychology; (d) a course in the 
history of education; .(e) a course In practice teaching. 


Washington State Normal School ; 

I am inclined to think that more attention should be given to subject matter, 
but not any less to the method. We have so many Isms ” that mathematics is 
not receiving Its just share of time. Most students coming from accredited 
high schools are weak In the subject matter of arithmetic. 

' ' Washington State University department of e>kication: 

The great weaknesses of mathematics In the grammar grades are two: 
(1) The "absurd American plan of grinding out complex and almost Imposslbie 
arithmetic before taking up enlightening and comparatively simple elements of 
iilgebra and (plane?) geometry. This Is an intolerable fault. Our actual curve 
of difficulty Is this — 



whoi it should be of course — 



(2) Mathematics should be more concrete In the grammar school (and I think 
evea In the high school), and (a) more clearly feinted to the -boy’s interest, 
(b) more closely correla^ied with other subjects. 

Montana State Normal College : 


"We find that It is very dlffidult In the time 'we have here to make students 
satisfactorily reliable In arithmetical subject matter. Hlgh-school graduates 
'^seem to have lost completely all the knowledge of arithmetic presumed to have 
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been acqalred below the bl(b achool, except the UtUe which they nee In higher 
mathematical anbjecta, and even In that little they are rarely accurate. 

Iowa State Teachers’ College, President H. H. Seerley : 


Mathematics has a proper place from the fourth grade through the twelfth 
grade, provided It la adapted to the age and development of the pupil. All the 
arithmetic neceaaary to be known can be taught In less than a year M given at 
the proper time of the pupil’s development. There Is a great waste of time 
now, as children are treated as If they need adult knowledge. A suitable book 
on mathematics should be written for the gra'dee below the high school. 


CORCLUSIOlf. 

T^ie committee has attempted to set for^h the present conditions 
relative to the preparation of teachers of mathematics for grades 7 
and 8 of the public elementary schools of the United States. No 
effort has been made to draw conclusion or to formulate a program 
- for the future. 

It is very evident that in proportion to the need there is but little 
specific preparation for the teaching of seventh and eighth grade 
mathematics. There is a failure to realize the truth of the statement 
previously noted that “this (seventh) grade marks the approach of 
the time when the pupil should puss from mere control and manipu- 
lation to understanding and investigation,” and to provide the kind 
of instiuction needed to lead the pupil out into the broader field of 
mathematical knowledge. 

The failure of the school authorities to grasp the real meaning of 
algebra and concrete geometry in the seventh and eighth grades is 
characteristic of the attitude of the American people toward the 
public schools. The fear that formal algebra and formal geometry 
are going to crowd out some more practical subjects is what lies back 
of such action as that in Chicago. If the necessary general arithme- ‘ 
. tic and concrete geometry could have been made part of the arithme- 
tic course with no comment upon the relation to the more formal 
courses of the secondary school, and no introduction of the names 
by which the later viourses are known, possibly the progress toward • 
a more efficient course of study might have been greatly hastened. 
Only 38 per cent of the cities report any algebra (general arithme- 
" tic) in grades 7 and 8 and only 12 per cent report any concrete 
geometry. 

We need in the seventh and ei^th grades teachers who have been 
led to see mathematics as. a part of human progress, and who can 
. open the eyes of their pupils io behold -the same vision. In the 
Words of President Butler : ' • 

Mathematics, therefore, studies an aspect of all knowing, and reveals to us 
the TOlverse as It presents Itself, In one form, to mind. To appr^end this, and 
to be conversant with the higher developments of mathematical reasoning are 
to have at hand the means of vltallxlng all teaching of elementary mathe matics. 

.. . ■ ■ ‘ Jlrtr^uclliim to ttUth’s The Tsachttg of EimeBtary MatlMBuittos,'p. at 



COMMITTEE NO. II. SPECIAL KINDS OF ELEMENTARY 

SCHOOLS. 

GENERAL REPORT. 

The investigations of the committee on the teaching of mathematics 
in special kinds of elementary schools have been confined to a dis- 
cussion of the work as it is given in trade and industrial schools. 
There are other special types of schools, notably those that deal with 
defectives and delinquents that might be considered under this classi- 
fication. It seemed best to the committee, however, to confine their 
attention to the group mentioned above. The work done in the 
schools for defectives is a modification of that commonly done in 
other schools \>y means of methods ^f instruction suitable to the type 
of mind dealt with. In schools for delinquents, whether day truant 
schools, parental schools, or reformatories, the work is quite com- 
monly either the ordinary work in mathematics given in elementary 
or secondary schools, or such as is considered in that part of this re^ ^ 
port relating to industrial schools. 

In the Bulletin No. 11 of the National Society for the Promotion 
^ of Industrial Education there is given a descriptive list of trade and 
industrial schools in the United States. This bulletin was issued in 
August, 1910. There were at that time more than 140 such schools 
about which the society was able to gain information. The classifica- 
tion of these schools is as follows : 

1. Intermediate industrial, preparatory trade, or vocational schools. 

2. Trade schools; Day courses— \a) supported by public funds; 
(2>) supported by private funds. 

3. Technical schools: Day courses — (ff) supported by public funds; 
(?>) supported by private funds. • 

4. Apprenticeship schools. 

5. Evening schools: {d) Giving technical courses and supported 
by public funds; {h) giving technical courses and on private founda- 
tion; (c) courses given by Young Men’s Christian Associations; (rf) 
giving practical shop courses and supported by public funds; (e) 
giving practical shop courses and on private foundation. 

6. Part-time schools. 
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7. Trade schools for colored races. 

8. Correspondence schools. 

All oj these different classes of schools c;an be considered as special 

kinds of elementary schools as contrasted with the ordinary high 
whool. From another point of view they are secondary schools, since 
in most cases at least six years of elementary school work is rc(^uired 
for entrance, and since the courses of instruction offered lead directly 
^ to vocational efficiency. The committee has concerned itself with all 
of these-'groups of schools in its report even though they may not 
have been specified in tlie outline of work jiroposed, and may not be 
specifically mentioned in the later discussion. 

Some brief statements of the work'of these several classes. of schools 
may not be out of place as a J>reliminary to the consideration of tlieir 
work in mathematics. In the statements which follow, the charac- 
terization of the catalogue of tlie National Society for the Promotion 
of Industrial Education mentioned above is followed, and in some 
cases the exact wording is quoted. ‘ ... 

XVTSUCXDIATE HTDVBTBIAL, PREFA&ATO&T TRADE, OR VpOATIOHAL BOHOOLB. 

These schools take pupils who are 14 years of age and have com- 
pleted at least six years of the elementary school course. These chil- 
dren are too young to be 'accepted as apprentices in the trades, and 
yet have commonly left school to enter upon occupations which 
promise very little advancement even after several years of service."" 

The intermediate industrial school has the double aim of turning 
the attention of its pupils, and of the parents of pupils, to the superior 
opportunities for independence offered by work in the manual trades, 
and of giving them such instruction as will enable them after two or 
three years to enter th6 trades with advantage. By this moans it is 
designed to retain for a lon^r period of time the boys and girls who 
otherwise leave schopl.” 

“ In schools of this class, the course of study commonly combines 
^.bookwork and shopwork in almost equal proportions. The bookwork 
generally includes English, shop mathematics, industrial history, and 
civics, together with the elements of physics and chemistry. The 
shopwdrk is usuall confined to a limited choice of preparatory trade 
work for each sex. Beginning with general industrial practice the 
work is more specialized toward the end of the course and carries the- 
pupil to a point at which he will be able to enter a skilled trade or a 
factory industry as an apprentice possessing a generab knowledge of 
the quantities irivolv^ and a background of scientific knowledge that 
will open the way for ccHnparativdy rapid promotion.” Example of 
schools of this type are the following: Secondary Industrial School 
^ of Columbus, Qa.; New Bedford Industrial School, New Bedford, 
ij:. ifew*; lAwrence Industrial School, l^wrence, ; Newton tnde- 
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pendent Industrial School, ^ewton, Masa ; Albany Vocational 
School, Albany, N. Y. ; Hudson Industrial School, Hudson, N. Y. ; 
Xew York City Vocational School for Boys, One hundred and thirty- 
eighth Street and Fifth Avenue ; Rochester Factory School, Roches- 
ter, N. Y. ; Rochester Shop School, No. 26, Rochester, N. Y. ; Indus- 
trial School, Schenectady, N. Y. 

TBADE BOROOL8. 

Trade sch^ls which offer day courses are of two distinct types. 
Some hav^ery short courses like the Baron do Hirsch Trade Sdiool, 
and the New York Trade School, where very little attention is given 
to instruction in English, mathematics, or science. In these schools 
the aim is to prepare pupils for actual work in the trades in the short- 
est pos.sible time. After a course of from four to six months the 
student can frequently secure employment as a heli>er, and, bccausb 
of the work done in school and his knowledge of the theory of the 
1rade,'he can commonly advance. rapidly to the grade of journeyman.,;^ 
The trade schools giving longer courses frequently give very thorough 
instructions in English, mathematics, and science. The Williamson 
Free School of Trades pnd the Wilmerding School of Industrial Arts 
devote a considerable proportion of time to such instruction. 

The Manhattan Trade School for Girls, recently established in 
New York City, and similar schools in Boston and in certain other 
cities, are especially interesting. We have long been accustomed to 
the idea of trade schools for boys, but have until recently neglected 
to realize that there is the same necessity for training and instruc- 
tion for girls. The results already achieved by girls’ trade schools 
prove that, as in the case of boys, the trade school prepares for a type 
of work in which a living wage is seenred and in which there is 
opportunity for advancement. Tl>e list of trade schools given in the 
bulletin of the National Society for the Promotion of Industrial Edu- 
cation follows: 

. SUPPORTED BY PUBLIC FUNDS. 

The Manhattan Trade School for Girls, New York City; State Trade ^hool, 
New Britain, Conn. ; Worcester Trade School, Worcester, Mass. ; Yonkers Trqde 
School, Yonkers, N. Y. ; Portland School of Trades, Portland. Orej^. ; Philadel- 
phia Trades School, Twelfth and Ix>cuRt Streets, Philadelphia, Pa.; Milwaukee 
School of Trades, for Boys. Milwaukee, WIs. ; Girls’ T^ude School. 020 Massa- 
chusetts Avenue. Boston, Mass.; New York Trade School for Girls, Syracuse, 
N, Y. ; Milwaukee School of Trades for Girls, Eighteenth and Wells Streets, 
MUwaukee, WIs. 

SUPPORTED BT PRIVATE FOUNDATION. - 

Wilmerding School of Industrial Arts for Boys, San Francisco^ Cal.; Winona 
Technical Institute, Indianapolis, ind. ; David Ranken, Jr., School of Mechanical 
Trades, St. Louis, Mo. ; Paterson Silk Textile Institute, Paterson, N. J. ; Schbol 
of Sclehce and Technology of Pratt Institute, Ryerson Street, Brooklyn, N. Y, ; 



* BaroD de Hlrsch Trade SclwoU 222 Bket Stety-foortli Street, New York, N. Y. ; 
New York Electricttl Trade School, 59 Wert Seventeenth Street New York, 
N. T. ; New York Trade School, First Avenue between SUty-aeventh and Slity- 
elghth Streets New York, N. T.;-Olrard Oollege, Philadelphia. Pa.; WUllamaon 
Free School of Mechanlca] Traded. Winiamson School, Delaware County, Pa. ; 
MUler School. Albemarte County, Va. ; Hel>few Technical School tor Girls, 
Second Avenue aud Fifteenth Street New York, N. t.; Manhattan Trade 
School for Girls, 209-213 East Twenty-third Street New York, N. Y. ; Eira F. 
Bowman Technical School, I>ancarter. Pa. ; Omaha Watch Repairing, Engraving 
and Optical Institute, Omaha. Nebr. ; Horologlcal t)epertment of Bradley Poly- 
technic Institute, Peoria, IlL; College of Horology. Broad and Somerset Streeta. 
Philadelphia, Pa.; St Louis Watchmaking School, St Louis, Mo.; Waltham 
Horological School. Waltham, Mass.; Coyne NaUonal Trade School. 1701 N. 
Ashland Avenue, Chicago. III. ; Master Plumbers Trade School. St Louis, Mo. 


TBOKFXOAXi SOHOOUt DAT OOUmSSa. 

^‘The schools included under tliis classification are of secondary^ 
grade and do not give instruction of higher engineering rank. The 
courses are designed to give the pupil such acquaintance with the 
scientific and mathematical principles underlying commercial proc- 
esses as will enable him to qualify in time for the work of foreman, 
master mechanic, inspector, etc. Special attention is called to the ^ 
group of textile schools, which are not trade but technical schools, in 
which both the practical and the theoretical aspects of textile manu- 
facture are presented.” . 

.The following schools are supported by ^blic funds: Bradford 
^ Durfee Textile School, Fall River, Moss.; Lowell Textile School, 
Lowell, Mass. ; New Bedford Textile School, New Bedford, Mass. ; 
Technical High School, Cleveland, Ohio; Louisiana Industrial In- 
stitute, Euston, La. Supported by private funds: California School 
of Mechanical Arts, San Francisco, Cal.; Bliss electrical School, 
Takoma^ark, Washington, D. C.; Lewis Institute, Madison and 
Robey Streets, Chicago, 111. ; Hebrew Technical Institute, 3C Stuyve- 
sant Street^ New York, N. Y.; Pratt Institute, Brooklyn, N. Y. ; 
Webb’s Academy for Shipbuilders, Fordham Heights, N. Y.; Ohio 
Mechanics’ Institute, Cincinnati, Ohio; Drexel Institute of Art, 
Science, and Industry, Philadelphia, Pa.; Philadelphia Textile 
School, Philadelphia, Pa.; Carnegie Technical Schools, Pittsburgh, 

^ Pa. ; Hi^ Schools of Practical Arts for Girls, Boston, Mass. 


AFPUVTXOUHZP BOJLOOJM, 


Apprenticeship schools are ppvided by a number of large/ in- 
dustrial corporations for the education of boys who are leai^ing 
their trade. In these schools there is^a close correlation of the 
theoretical instruction and the practical shopwork, Through train- 
ing in mathematics^ drafting, English, and science, they^ are re- 
GToited Uie ranks of those who work in the shops/a groiip of 
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men much more capable than the ordinary worker. Sometimes from 
this group ^ere are choeen those who occupy the higher supervisory 
positions. The movement is an indication of the desire of these cor- 
porations to supplement the work ordinarily done in the shop during 
the period of apprenticeship with a type of theoretical work which 
will devdop a more intelligent workman. The fact that in most of 
th^ schools shop time is taken for the class work, and that this time 
is paid for at the regular rate, is an indication of the value attached 
to such exercises. The following" is a partial list of such schools: 
Apprenticeship System of the New York Central lid§B; Apprentice- 
ship Schools of the Santa Fe Railroad System; Apprenticeship 
School of the General Electric Co., West Lynn, Mos&; Yale & 
Towne Manufacturing Co.’s Apprentice School, Stamford, Conn.; 
School for Apprentices of the Lakeside Press, Chicago, IlL; Solvay 
Process Co.’s Apprentice School, Syracuse, N. Y.; School of Print- 
ing of the North End Union, Boston, Mass.; Drawing School of the 
American Steel & Wire Co., Worcester, Masa ; Fore River Shipbuild- 
ing Co.’s Apprentice System, Quincy, Mass.; Ludlow Textile School, 
Ludlow, Mass.; Westinghouse Electric & Manufacturing Co., East 
Pittsburg, Pa.; John Wana maker Commercial Institute, New York, 
N. Y., and Philadelphia, Pa. 


XVXHIHO BOHOOLS. 

Evening schools are more closely related to the apprenticeship 
schools than to any other of those already mentioned, since the stu- 
dents are recruited almost wholly from among tliose who work at the 
various trades during the day. They are intended to give a type of 
education, both theoretical and practical, which will give the worker 
at the trade a better understanding of his work and of its relationship 
to the industry toward which his w^ork contributes. The tendency 
of shopwork is to confine the worker to one very small part of the 
whole industry and hence to give him very little appreciation of the 
significance of his labor, either in relation to the other processes in 
the same industry or to the industry in the larger social group. These 
evening schools, commonly called industrial improvement schools or 
continuation schools, follow a course of sttidy not unlike the corre- 
sponding day-schools. The following schools are of this type and 
give technical courses, and are supported by public funds; The Even- 
ing Industrial School, Boston, Mass.; Public Evening Trade School, 
Lowell, Ma^; Bradford Durfee Textile School, Fall River, Mass.; 
Lowell Textile School, Lowell, Mass.; New Bedford Textile School, 
New Bedford, Mass.; Evening Industrial School,' Pittsfield, Mass.; 
Evening School, Little Falls, N. Y,; Stuyvesant Evening "Trade 
School, 345 East Fifteenth Street, New York City; Brooklyn Even- 
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mg Jr%de Sdiool, Brookljn, N. Y. ; Technical High School, 
Cleveland, Ohia Schools giving technical courses and on pri- 
vate foundation are as follows: Lewis Institute, Chicago, 111.; 
Franklin Union, Berkeley and Appletpn Streets, Boston, Mass.; 
Lowell Institute School for Industrial Foremen, Boston, Mass.; Tech- 
nical School, Newark, N. J. ; Cooper Union for the Advancement of 
Science and Art, Astor Place, New York City ; Meclianics’ Institute, 
20 West Forty-fourth Street, New York City; School of Science and 
Technology of Pratt Institute, Brooklyn, N. Y. ; Mechanics’ In^itute, 
Rochester, N. Y.; Ohio Mechanics’ Institute, Cincinnati, Ohio; Casino 
Technical Night School, East Pitsburgh, Pa. ; Drexel Institute, Phila- 
. delphia, Pa.; Franklin Institute Night School, Philadelphia, Pa.; 
Philadelphia Textile School, Philadelphin, Pa.; Spring (iarden Insti- 
tute, Philadelphia, Pa.; School for Apprentices and Journe\nnen of 
the Carnegie Technical Schools, Pittsburgh, Pa. ; Virginia Mechanics' 
Institute, Richmond, Vn. 

Throughout the United States the Young Men's Christian Associa- 
tions have entered the field of indu.strial e<lucation. The work of 
the education department in city, railroad, and industrial Young 
Men’s Christian As.sociations has become one of the most important 
of the activities of these or^iiizations during the past few years. 
According to the report of the National Society for the Promotion 
of Industrial Education, there are now 2,250 paid teachers wlio give 
mstniction to over 50,000 employees, men and boys, two nights per 
week for half the year, in a total of 140 different commercial and 
vocational subjects. Included in the above lines of class work are 
mechanical, architectural, and freehand drawing, design, shop mathe- 
matics, physics, electricity, chemistry, shopwork in wood and metal, 
pluiiibing, etc. This iiulustrial work is not designed to prepare for 
the higher engineering lines, but on tlie contrary to furnish oppor- 
tunities for industrial improvement, either by broadening the pupil's 
knowledge of a trade or by irotructing him in the technical founda- 
tions of efficient and intelligent trade work.” These associations are 
scattered throughout the United States. There are more than CO 
associations, enrolling 50 or more students in trade and industrial 
subjects. 

Schools giving practical shop cours^nd supported by public funds 
are found in the following cities: Cambridge Evening Industrial 
I School, Cambridge, Mass. ; Evening School, Chicop^, Mass.; Even- 
ing School of Trades, Springfield, Mass.; Long Island City Everting 
Higd^ and Trade School, Ix>ng Island City, N, Y. ; New York Evening 
High School for Women, East Forty-second Street, near Third Ave- 
nue, New York City. ; Stay vesant Evening Trade School, New York, 
N. y.; Philadelphia Trades School, Philadelphia, Pa. The follow- 
! ing schools give practical shop course and on private toxmd^tion: 
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Massachusetts Charitable Mechanic Association Trade School, ill 
Huntington Avenue, Boston, Mass.; David Ranken, Jr., School ol 
Me(dianical Trades, St Louis, Ma ; Five Points Italian Trade School, 
155 Worth Street, New York City; Hebrew Tedinical Institute, New _ 
York City; New York Electrical Trade School, 39 West Seventeenth 
Street, New York City; New York Trade School, First Avenue, be- 
tween Sixty-seventh and Sixty-eighth Streets, New York City; Man- 
hattan Trade School for Girls, 209-213 East Twenty-third Street, 
New York City; School of Science and Technology of Pratt Institute, 
Brooklyn, New York City; St George’s Evening Trade School, 505 
East Sixteenth Street, New York City; Sixty-third Street Evening 
Trade School of the Children’s Aid Society, New York City; Drexel 
Institue of Art, Science, and Industry, Philadelphia, Pa.; Hebrew / 
Education Society, Tenth and Carpenter Streets, Philadelphia, Pa. j 

FABT.TnCS aoHOOia. / 

^The part-time plan, as carried on at Fitchburg, Mass.^ is an arf 
rangement by which bpys in the high school give half of their time 
to work for wages in the commercial shops in the city and half to 
school work. Su(i a plan is designed to furnish the pupil with the 
theoretical training necessary to his advancement in industrial life, 
while at the same time providing practical exj^erience and wage return, 
'fhe school work is under the. direction of the board of education of 
Fitchburg and is supported by public funds^ The classroom instruc- 
tion articulates with the grammar school, and implies regular high- 
school requirements. For this part of the work the regular school 
building is used. For the first *year the boy devotes his entire time 
to school work> and for the next three years equal groups of boys 
alternate weekly between shop and school, so that one group is always 
at worjc in the shops and one in the school. ' On Saturday morning 
of each week the boy who has been At school, for that week goes to 
* the shop in order to become familiar with the work upon which his 
alternate is working so as to be ready to take it up on Monday morn- 
ing when the shop boy returns to school. Boys are paid for the work 
done in the shops at the rate of 10 cents an hour for the first yeaf, 
IV cents for the second year, and 12} cents for the third year, or a total 
of $552.75 for the thi^ years,” Other part-time ^ools are found 
at Beverly, Mass. (The Beverly Industrial School) and at Cincinnati, 
Ohio (The Cincinnati Continuation School). All -of these schools 
f '*)are publicly supported. Dobbtless other schools of this type 
open ip considerable numbers in the very near future. 

TEABX BOBOOIJ FOE THS OOLOEKI) EAOA 

Some of the best industrial work that is done in the United States 
is to be found in schools for the education of Indians and negroes. 
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Ji? ail of ihe^ ^oqIs wjustr^a W* 48 Aoovipp^med by U«wwy 
JTOtruction. In soi^e o^ the schwla a» i»u<* ee half of the Urib is 
t® industrial tjRiijiflg, ^In acme of the aohooJa the wlation- 
B^p hetwe^ indu^rial and the ordinary acadeinio saorjh iu e^oep- 
tioo^y veil handled. This is peeulianly lyne in the subject of matbe- 
matics. The problems of the shop and farm are <]nite opnunonly 
treated in the classes in arithtnetic, algebra, and geometry. “ Normal 
instni(t.ion, instruction in tlie dmnestic arts and sciwioea^ apd giving 
pupil such an understanding of a manual trade or agriculture 
as will make him financially independent and h«ice self-respecting- 
all these features together repfcsent the aim of such schools an Hamp- 
ton and Tuskegee Institutes and the other institutions in the list.” 
Schools of this class are as follows /Hampton Normal and Agricul- 
tural Institute, Hampton, Va.; Tuskegee Normal and Industrial In- 
stitute, Tuskegee, Ala.; United States Indian School, Carlisle, Pa.; 
Christiansburg Industrial Institute, Cambria, Va. ; Voorhees Indus- 
trial School, Denmark, S. C.; Schofield Normal and Industrial 
School, Aiken, S. C.; Manassas Industrial School, Va.; 

Mayesville Industrial In^itute, Mayesville, 8. C. ; Okolona Ind^rial 
College, Okolona, Miss.; Fessenden Academy and Indurtrial School, 
Fessenden, Fla.; Montgomery Industrial School for Girls, Mont- 
•gomary, Ala.; Colored Industrial and Normal School, Salisbury, 
Md. ; Manual Training and Industrial Schpol for Colored Youth,' 
Bordentown, N. J. ’ 

OOBBEBVOVD&HCEI BOEOOU. 

Many persons who are regularly employed in the industries have 
sought help through the technical work which is offered by correspond- 
ence school With the persevering student, they have been able to 
TOnduct cotlt^ in a very great variety of technical subjects, and have 
in this way furnished the theoretical background which has made 
possibl^a wider outlook and a greater degree of efficiency for those 
who are regularly employed. The following schools are represepta- 
tiy^f the best type of this clasi^American School of Correspondence, 
Fifiy-eighth Street and Drexel Avenue, Chicago, HI. ; International 
T]^graphical Union Course in Printing, 130 Sherman Street, Chi- 
ca^ HI. ; International Correspondence Schools, Scranton, Pa. 

work of these schools is considered in another report to Hie 
International. Commission on the Teaching of Mathematics. 

I ' '■ / 




soBcoBomrsB i. nnbnsTRiAL classxs w schools, * 

The subcommittee reporting on Industrial classes in public schools 
included in ite inquiry aU schools supported end eontopUed by the 
municipiaity through its. board gf education. There included, 
&eic'efbre,^^ded schools having a course of IroBBi jteven to 
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nine years in length) the teduiical and manual*training high schools, 
usually not coeducational, and the ordinary coeducational academic 
high sohools. Erening schools of either elementary or seoandary 
grade, as well as trade sohods aipported by the mcmiiapality as a 
part of the publk-achocd system, were also conaideted. The term 
industrial classee was interpreted broadly to mean classes in 
manual training, domestic art, domestic acienoe in either of the 
grades hi^ school, as well as dasaes in hi^-achod oommercial 
courses. Classes in. vocational work in any of the adiools named 
above were also included. 

✓ 

kSTHOD or OOIXXOTZVO BATA. 

A questionnaire was sent to 150 high-schod principals and .city 
superintendents in the larger cities of the United States, asking for 
- data on the subject of Industrial classes in public schools,” and the 
relation of the work of these classes to the work in mathematics. 
While the re^KUise to this questionnaire was not as general or^as 
full as. could be desired, yet many superintendents Cheerfully re- 
sponded. It is largely on the basis of these replies that this repoit 
has been prepared. ^ 

XXVDS or XimVBTlXAI. WOU OIVSH XV FUBUO SOKOOtS. 


Industrial work is given in public schools; First, in classes in 
manual training, domestic art, and domestic science throughout Jhe 
grades of city school systems; second, in classes in inanual training,' 
domestic science, and commercial branches, conducted in the ordinary 
free academic high schools; third, in technical, manual-training, and 
commercial high schools; fourth, in evening schools of elementary 
or secondary grade; fifth, in vacation schools; sixth, in trade schools 
supported by the municipality and under the control of the board of 
eduoation. In a few cases vocational classes are maintained in the 
free academic high schools; and in a veiy few instance in this 
country industrial ]vork is given by a cooperation of public schools, 
and shops and factories. In these cases 'the boys work part time in * 
the shop or factories ai^ part time in the school. 

ontivmAL musTiUAXi wou 

In ail parts of the United States a constantly iucreandng number of 
public spools haye provided instruction in manual training, do- 
mestic art, domestic science, and c(»nmercial branches. The maixual 
training consisting of whittling and bench work in wood is usually 
the first form of indui^rial work to be iol^^uced. The next is sew- . 
ing^nd dressmarkuig, followed by cooking. As public sentiment be- 
^(^mes oducated^ to a more liberal support of this*work, it is extended 
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to all grades below the high, school, and also to each year in the high 
school. 

In answer to the question, “What kinds of industrial work are 
given in your school?” the following reply from one of the large cities 
in tb^ Middle West is typical : “ Strictly speaking, we do not give any 
industrial work in our ppblic schools unless you would call manual ' 
training, domestic art, and domestic science, iiidustrial work, (a) 
Handwork is taught the children in the first four grades (primary). 
This ’handwork consists of two kinds— first, work to illustrate sjib- 
jects about which they read; second, independent unrelated exercise 
In the fifth and sixth grades, boys are taught knife work by ar special 
teacher, and girls sewing. In the fifth grade we give to this work 
ope and one-half hours each week. In the sixth grade two and one- 
half hours a week. In the seventh and eighth grades boys are taught 
joinery and cabinefanaking in specially equipped shops; girls are 
taught cooking. Half a day a week is given to those subjects in the 
seventh and eighth grades. (5) We are now constructing two manu al 
training high schools which will be ready for occupancy next fall. 
The manual training in these high schools will not take the form of 
industrial training, though it may develop into that later. At 
present in the high schools we have a very complete commercial de- 
partment which fits pupils for business life and for clerical work. 
We also teach mechanical drawing, free-hand drawing, and applied 
design, with some work in the crafts.” 

From another large city where the high school industrial work 
was much more extensive, the following reply was received : “ In our 
high schools, sewing, millinery, carpentry, blacksmithing, machine- 
shop practice, wood turning, architectural drawing, and mechanical 
drawing are given.” 

For the most part the lines of industrial education named above 
furnish the basis for work in the trades rather than direct instruc- 
tion in the trades. 


VOCATIONAL mnriraiAL wobz. 


Beffldes the above lines of work there are in some schools strictly 
^ vocational classes. Many school boards maintain evening schools of 
elementary and sectmdary grade. Much of the work in these schools 
is vocational. It includes one or more of the following: Millinery, 
dresm^g, flowermaking, chauffeur’s work, wood turning, cabinet- 
; . WBW|jg, ,ai:chitectural drawing', mechanical drawing, stenography, 

bookkeeping, and other trades of local interest Of course the high 
schiMl comm^ial courees prepare directly for business life and for 
' ; cleriral pi^tions. Trade schools for girls, evening grammar schools, 
high schools; technical high schools, manual training high 
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schools are forms of schools in which industrial work is prominent. 
In all of these two kinds of industrial work are carried on — ^first, that 
which furnishes a basis for trade or technical instruction, but which 
is itself not directly trade instruction ; second, strictly vocational 
work. 

OOOPKRATXYE ZRDUBTRIAL WORK. 

A very interesting experiment is being tried in a few cities in this 
country — the so-called cooperative industrial work. Under this plan 
boys work one week in the shops or factories and the next week in 
the public schools. The work in school is such as will directly affect 
their efficiency in the shop. This plan gives boys their industrial 
work in the shops and their academic work in school. The academic 
work is correlated with the shopwork. A number of other cities are 
planning to try. this experiment. 

FTBUC BOHOOX. XNDlfllTRZAL WORK AND LOCAL INDTrSTRIZa . ^ 

Of the cities from which answers to the questionnaire were received 
very few stated that the work offered in manual training and domes- 
tic science is, in any special way, modified to fit the local industries, 
while several state^d that no such relation exists. The following re- 
ply is from one of th^ large citi^ of the East : “ No special attempt 
has been made • • • in public school work to fit pupils espe- 
cially for local industries. We have such a variety of local industries 
that it would be impossible to train especially for certain ones and 
not for others.” 

Where evening and trade schools are maintained, a very definite re- 
lationship exists between the trades taught and the local industries. 
Those trades that are carried on in the city where these schools are 
located are taught in the schools. 

''k 

ARR PRBBKRT OOVDITIOVB BATX8PAOTORT. 


In general, superintendents seem to feel that the industrial work 
now given is satisfactory as far as it gqes. Many express the opinion 
that more time should be given to the work and greater divers^ 
should be introduced. 

The following reply is from a superintendent who has this point 
of f iew. He says : “ We do not feel that we have really mad4; a be- 
ginning in ‘meeting the dematid for industrial educatlbjftl! The 
crowded condition of our schools prevents any advanced steps in 
this direction. We aim as soon as possible, however, to establish 
schools which will ^ve greater training along a number of lines ^f 
activities.” 


Another superintendent writes as follows: ^ Our present industrial 
wolbk is not' ^tisfkctory, if it is thouj^t ^visable to giye 
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training. I am not satisfied yet that vocational training should be 
introduced into public schools. However, I am open to craviction. 
We are hoping to try a plan of part-day school and part-day work 
m the shops and in other vocations. If this plan works out satisfac- 
torily it will mean that we will use the shops and factories of the 
city for the practical work, while the academic and theoretical work 
will be given in the schools.” 

Still another su^rintendent writes: “We want more work of an 
ind^trial nature in the schools we have. We want a thoroughly 
equipped industrial plant in our high school. We want a school that 
will give students a thorough training in all departments of the silk 
industry, our leading industry, and its associated occupations, the 
inanufacturing of silk machinery, etc- We should do something for 
the young men who follow the iron and steel industries, locomotive 
building, structural-steel work, etc.” 


THE JCATEEHATZOAL OTTERlOXrLTnc. 




It 13 cust^ary to give a course in arithmetic through the grades, 
beginning in the first or second grade and extending through the 
eighth. In the eighth grade a course in constructive geometry is 
•given and sometimes one in elementary algebra. 

In the sKademic high schools having four-year courses the cus- 
tomary course in mathematics is given as follows: One year of 
algebra is r«)uired, and this is usually given in the first year of the 
high-school course; one year of geometry is also required in most 
high schools. S(^times it is a year of plane and solid geometry, 
^ven, as a rule, in the third year of the high-school course. Some, 
times the one-year course is devoted entirely to plane geometry; then 
It 18 usually given in the second year of the high-school course 
Arithmetic is generally required in the commercial courses, and in 
TOme high schools it is required in other courses also. In addition, 
in the third or fourth year of the high-school courses a half year of 
advanced algebra and a half year of solid geometry ' are offered as'- 
electives, and then plane gewnetry only is required. 

The following course in mathematics, given in one of the largest 
high schwls in the Middle West, is typical of the work given in 
spools of this Clara: In the first year, algebra; in the second year, 
plane jje^etry; in the third year, solid geometry and advanced 
^ aWif® 5 ip the fourth year, trigonometry. The instruiAor in mathe- 
in this school writes as follows: “A modification of this 
9Wirae that would possibly be an improvement is the introduction of 
elmentery sdid geometry propositions, and trigonometry notions m 
• irst oonjfee in geometry, ta be given in the second year; the re- 
er of snlirf oBioma*™ with. % plqne 
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geometry propositions, to constitnte an advanced coarse, coming in 
tfie third year. This would permit of the introduction of a wide 
range of extremely interesting problem material into the geometry 
course.” 

RtLATXON or WATHEKATICS TO nmtrBTElAL WORN. 

The general tenor of the replies received indicates that a greater 
effort is being made to correlate mathematics taught in the grades 
and in the high school with manual training, domestic science, and 
other industrial work offered in these schools. As a rule in academic 
high schools, separate classes in industrial mathematics are not con- 
ducted. In evening, and trade schools, the mathematics offered is^ 
taught frequently by the instructor in the trade. In this case, the 
mathematics taught is such as will be ‘useful in the given trade. 
Shop formulas are taught; these formulas are applied to practical 
problems and the meaning of the formulas is made clear. Emphasis 
is placed, primarily but not exclusively, on the empirical use Of the 
formulas instead of on the demonstrative side as in high-school 
mathematics. In the ^^ashington Irving High School in New York 
City, a technical high school for girls, the course in mathematics 
follows a course made by the domestic art and commercial depart- 
ments of the school. 

The following replies to the questionnaire will indicate in greater 
detail what is being done along the line of industrial mathematics 
and the effect industrial work is destined lo have on mathematical 
teaching. 

From a large city in the East is the following reply : “ Industrial 
mathematics is taken up in the Technical Evening High School, and 
in the vocational schools. In each case, separate classes are held for 
mathematics, but it is correlated as much as possible with shopwork. 
The demonstrative side isrnot emphasized particularly, neither are ^ 
formulas giv^ empirically. Oiir instructors try to show the reason 
why and to make the rules and formulas logical deductions. I have 
no doubt that with the growth of industrial work in the schools a 
system of shop mathematics will be evolved, beginning with arit*h- 
metic and extending certainly through geometry, ^which will apply 
particularly to the industries.” 

• Another superintendent writes : “ No work in industrial mathe- 
matica is given. Use is made of practicarproblems and applications 
of ipathematica to tlie arts and scienoes because experience hieis shown 
that such problems add interest to the work.” *« 

A third superintendent in one of the large Western cities says: 

“ There is nothing special in our course of study known as industrial 
muftbematics. I think, however, that there is need, for work of this 
kind., In oonqeic^ion with manual training, inatheinatics specially . 
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suited to this kind of work is, of course, used. The same is true in 
regard to vmous ^ines of manual activities offered in the Manual 
Traii^g High ^ool. There is no doubt that the public school in- 
dustrial work will tend to make arithmetic, taught in the elementary 
schools, much simpler and more practical in its character.^ 

A principal of one of the large high schools in the Middle West 
says: “ §hop arithmetic is given with class lectures and work in the 
shop. Application is emphasized. No attention whatever is paid 
to d^onstration. There is no correlation at present betweep mathe- 
matics and industrial work. In the near future, the ihathematical 
subjects will have to treat their problems and theorems as some part 
of the world in which we live, apd not as something that pupils think 
exists in imagination. Industrial work will make demands on the 
pupils which will require them to get their mathematics in organized 
shape and hold it ready for every emergency.” ^ 

In a large city in the Middle West the practical side of mathematics 
in the grades is emphasized by supplying pupils with mimeo- 
graphed sets of questions and problems such as would arise in buying 
fflitoiliar articles at the meat market, at the grocery department, 
or at a department store in its various departments. These problems 
are arranged to bring out the idea of economical buying of articles 
needed for a meal and of buying articles needed in the various 
phases of dom^tic work. Problems are given on the cost of heating 
and lighting a house by gas aniJ by electricity. In this case, state- 
ment is made of the number of feet of gas used, and the number of 
kilowattp of electric^y used, and pupil§ are required to compute the 
monthly bill, for these items. Problems are also'given relating t^the 
practical work of different industries,, such as railroad and foundry 
problems, pay rolls, cost of house furnishing, etc. Data are^ given 
of the amount of money spent by the city in each of the various kinds 
of city improvements, and the amount of improvement made, for 
example, the number of miles of street pa^^ in brick, in asphalt, etc. 
From these data a large number of probl^s are developed. It is 
evident that problems of this kind coiffiect^ directly with the child’s 
home life, with the industrial life, and with the civic life with' which 
he is familiar. ♦ . 

osavoxs irxu>xD nr xatheiutioai oanutKnrxmt 

The changes needed in the. mathematical content and curriculum ' 
are along the lines indicated in the foregoing. The principal of oao 
of the largest high schools in New York City says: “ The mathemati- 
cal courses need reformation. What can any sort of mathentatics 
do for the ordinary man, the ordinary woman, the industrial wwker, 
the housekeeper f .Get this mathematical desideratum expressed in 
, ^f^W'of -j^wer and information, and then plan your course rn'niath^ 
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matics to pioduce the outlined purposes. At pri^nt the procedure 
is, ‘ £very high school has algebra and geometiy. We’ll have them 
too.’ Neither of these subjects springs out of the needs of the stur 
dents, nor is it concretely directed toward equipping the students with 
any useful knowledge or power.” 

The following quotation sums up the opinicm expressed in the large 
majority of the replies received: “ Some of the less ^sential should 
be eliminated ♦ ♦ ♦ and more drill given to concrete problems 
involving home and industrial life.” 


aZQUiaXl) AKD SLSOTIVX KATHZKATIOa 

The opinion of a large majorityvof principals and superintendents, 
answering the questionnaire, is expressed by the following quotation: 
“ Elementary algebra and plane^ geometry should be required of all. 
All should have at least this amount of mathematics so as to appre- 
ciate the disciplinary and practical value of this branch of human 
knowledge. Algebra and geometry are essential to a study of the 
sciences. Higher algebra and solid geometry may with profit be 
made elective.” ^ I 

The following quotation expresses a more ^dical view : “ If al- 
gebra and geometry must come at the beginning of the course, I 
would make both elective on account of the immaturity of most be- 
ginning students. Thd great modification that I would suggest in 
high school mathematics "would be a shifting of the whole matter at 
least one year higher in the course, using the first year for language, 
history, and science subjects.” 

PROPOBED FUSION OF DIFFXEENT BaAN(SE8 OF MATHEXAtnOB. 

The general opinion of those answering the questionnaire is that 
algebra and geometry should not be fused into one course in mathe-* 
matics, nor should plane and solid geometry be fused. The follow- 
ing is a typical quotation : “Algebra and geometry should ^not be 
fused. By such a plan students will gain very little knowledge of 
either.” Algebra sliould precede geometry. The step from 'Arith- 
metic to algebra is much easier than from arithmetic to geometry. 
Arithmetic and algebra are more closely related. Plane and solid 
geometry should not be fused. 

The opinion is very generally expressed that, while it is u^fisirable 
to make the fusions spoken of, a very much closer relationship should 
exist between the different branches of mathematics offer^ in the 
high school. Q- 

oxDxa or xAtxnUnoAi. btudxxs. 

The quotations given above and many others of similar nature 
that could be given, express the pmvailing opinion that algebra should 


m 


MATHK)tA«C8 1» TtfB «L*MElTriU«' SCBOOLB. 


precede demdnstm^ gewnetry', tSions^ » confse In oenstrnctive 

g«^eti7 should precede algebra, pfane geometry should precede 
solid geometry. ' 



IKK UTIUTAMA* SIM OF KATHX^TIOS IV TBS PUXUO 80BOOLS. 

“In what ways is stress plaeed oh the utUitarian side of mathe- * 
matiffl? was one of the ^ions ashed. This is/ a question to 
which few satisfactory replies wen receiTed. The principal of one 
of the largest technical liigh schools in the Middle West says: “Use 
IS made of practical problems and applications of mathematics to 
the arts and sciences b?reaose experience has shown that such prob- 
lems, ada uiterest to the class work.” » 

Another principal says: “ In the grades no special stress is placed 
on toe utilitarian side except that we attempt to find worthy concrete 
proUems. In the Manual Training High School sliopwork is made 
the basts of m^y problems in arithmetic and geometry. Tlie com- ^ 
mercial course in the high scliool aims to be altogether practical.” 

A superintendent of a large eastern city says: “Commercial arith- 
metic IS studied as a regular subject in the busine.ss course, and all 
work in manual training is from drawings and plans, requiring' 
mathematical computationsw” » 

Another superin«mdent states : “ Material for problems in all grades 
IS dra^ from home and store and general outside experience. 
Printed forms, bills, and blanks of various kinds of business are 
used m the classroom, tax bills, gas bills, etc. Pupils are required 
to compute the customary discount on these billa” 


XATHSXATIOB AVD APPLIED 8OIXH0E8. 

The replies indicate a general tendency to use in the work in mathe- 
matics problems from the applied sciences, models, etc., to make the 
. work more effective. The following are quotations from the answers 
to this phaw of the inquiry : “ Problems of parallelograms of forces, ' 
falling bodies, immersed solids, solids made in the manual training 
dep^ipent are used.”' “Problems in elemenfaiy mechanics, card- 
^toard^ models and similar devices are used.” “Sectional models 
should 1^ used as foundation workf in mensuration in the grades and 
in the high school. All instruments and machine from which prob- 
lems are drawn should be, so far as possible, studied, and from 
these the results should be; verified.” \ 






o®a»a£Ayw»» n ootuxvt ions or xArxzxaTiGs. 

Relatively few sdiools indicate any considerable attempt to cor 
relate the different lines of mathematiciil work in school. A very 
krge number of schtmls make no reply to this phase of the ihtmiry 

A fe^ reipb^ tl^Y 
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work along this line is carried on : ‘^Algebraic metiiods are used in 
geometry w^ork; algebraic results and formulas are illustrated geo- 
metrically; logarithmic computations of volumes is made in solid 
geometry/' '‘Algebra and geometry, while not taught togetlier, are 
made interdependent as much as possible,” 

\ 

Daawnro axj > oxoxxTaT. 

/ 

Is the fundamental relation between drawing and geometry empha- 
sized? If sf), how? To this question few answers were received. 
The following are some of them: “ Yes. In mechanical and archi- 
tectural drawing.” “The course in mechanical dy^ wing, given in • 
the first year, is introduced by the graphical solution of a number of 
geometric construction problems.” No. The drawing teacher 
teaches perspective, for instance, which is a direct application of 
geometry and optics,, without any reference to either subject. I 
doubt if any drawing teacher ever was taught the connection.”* 
“The fundnmentnl relation between geometry and drawing is em- 
phasized both iri^the grades and in the high school, in manual train- 
ing, in arithmetic, in geometry, and in mechanical drawing." “ Very 
strongly. We give an eight weeks’-course in preliminary geomefry, 
and insist on accurate drawings all the time.” “ Mechanical draw- 
ing is applied geometrj", and its relations are made^use of perforce 
in all mechanical drawing and drafting for industrial work.’^ These 
<^|Uotatioiis serve to illustrate that in spite of some divergence in 
opiniop the importance .of this phase of the work is coming to be 
recognized in schoolroom practice. * ’ ^ 

xsvoATioNAL KtriBmn, 

Very few of the cities heard from report that they are equipp^ 
with a mathematical museum. Very many of those who replied in- 
dicate a belief in the value of such a museum, as the following quo- 
tations show: ‘^Undoubtedly a collection of models, instruments, 
pictures, etc., would lie of great value.” “ A\^e believe it has some 
value, but it is not essential” . “ It is too bad that we have not such 
a museum.” “ Illustrative material is always of value. It stimu- 
lates interest and self-activity.” Occasionally a pessimistic note is 
heard as the following : ** I never saw an educational museum that 
was worth anything, chiefly because it was so administered that the 
tochers would not take the trouble to use it.” 

oonotimow. 

The^ replies, which were received from citicfe in all parts of the 
United States, indicate a strong tendency to increase the amount and 
variety of -industrial work offered in public schools. 
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Where trades are taught instruction in shop mathematics is iriven 
i^aliy by the instructor in the trades. The work as given in these 
ol^ in shop mathematics is adapted direcUy to the trades taught, 
to the ^lar mathematiwl work in the public schools no great 
Change in the mathematical curriculum is demanded. 

The effect of the industrial work is, therefore, to introduce into 

Hi It. mathematics a larger number qf problems 

related to the industrial work done in school, to the industries ear- 
ned on in the community, to the actual life of the child and bis. 
home, and to the civic enterprise of the city. 


^ SDBCOMMITTEB 2. CORPORATION INDOSTRlAl SCHOOLS. 

In corporatioa industrial schools the type of work done in mathe- 
matics vari^ with the demand for mathematical knowledge in the 
corporation. In one school, As, for example, 
the J<*n Wanamaker Commercial Institute, the work will consist 
mainly of commercial arithmetia In another school the mathematical 
cumculum will extend to a knowledge of algebra, geometry, and pos- 
sibly trigonometry because of the need for understanding formula; 
^ich must be applied in machine shops. In these ^schools, as has 
suggroted above in the discussion of apprenticeship schools, 
there are found boys who have had from six to eight years of ele- 
mentory s^l work, i^h an (^io|al boy who may have had some 

thH^« rathe#l|Bager equipment, and with 

e large n^ for mathematical knowledge which must be applied to 
^opwork, It bwom^ apparent that the problem of the shop school is 
argely one of getting before the class problems which deal wiih 
actual Aop conditions and teachers who understand shopwork, a.s 
well as theoretical mathematics. 

Our standard textbooks deal with mathematics in a general wav 
~yenng many subjects which have no connection with manufactifring 
mdustn^ This ^mg the case we can not use the existing textbooks 
^ problem work, and therefore it falls upon the instructor to 
TOte the problems required. These problems must, of course, follow 
m order the usual textbook classification. Since each kind of indus- 
requiTO problems adapted to its production, no one bodt can pro- 
1 i^de problems for all industries requiring trade knowledge. How- 
ever, OT^textb^l^ can cover sufficiently the industries representing the 
m^factuw of machinery, engines, and electrical equipment. 

*1. ■ must not only foUow textbook classification, but 

t^y must ^ m f^ what they purport to be, namely, shop problems. 
In the wnt^ of these problems it is absolutely necessary that the 
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instructor should be a man who has had-ahop experience and one who 
is familiar with the various departments and in touch with factory 
c(Hiditions. 

These ]()roblems will involve not only a knowledge of the machines 
in use but an intimate knowledge of the factory production, sto<^ 
departments, and piecework rates. This knowledge is necessary be- 
cause the shop boy is quick to note an error in dealing with factory 
work, and he is equally quick to lose confidence in the instructor who 
shows a lack of shop experience. 

The work in arithmetic, algebra, geometry, and trigonometiy in 
schools of this type is not sharply dpjfferentiated as in the ordinary 
school. In order to indicate something of the nature of the relation- 
ship which exists among these subjects, as well as to give some idea 
of the subject matter covered and the method of instruction, the pro- 
gram of work carried out under the direction of Maj. A, W. Lowe, 
superintendent of educational classes for the (general Electric Co., 
West Lynn. Mass., is given in the following pages; 




AmiTHlfETIC. 


Having written the problema, the next step Is to have the apprentices work . 
but the values. One method of teaching the above subject Is to have the prob- 
lem given In the usual way; then substitute literal values for the numerical 
values previously given and put the problem in the form of an algebraic state- 
ment; then substitute a set of numerical values for the literal quantities and 
solve the problem. / 

T give;berewltb specimen examples; / 

Problem t. Brass castings are worth 23.25 cents per^ pound ;* cast-iron cast- f 
Inga, 3.75 cents per pound; malleable-iron castings 4.68 vents per pound. Dur- 
ing one week 5,080 i>ounds of malleable-lron castings, 8,700 pounds of brass - 
castings, and 21,900 pounds of cast-iron castings were shipped. What was the 
value of the castings sent out? 

Problem 2. Brass castings are worth (a) cents per pound; cast-iron castings, 

(b) cents per pounds malleable-iron castings, (c) cents per pound. During one 
week <d) pounds of malleable-lron castings, (e) pounds of brass cg^ings, and 
(f) pounds of cast-iron castings were shipped. What was the valne of the 
castings sent out? 

Problem 3. Using the literal quantities of problem 2, let (a) = 27.5, (b) = 3.8, 

(c) = 4.M, (d) =6,830. (e) =7,240, and (f) =2,250. W^hnt was the value of 
the castings sent out? 

Problem 4. With a good quantity of coaMk^ average coal consumption Is If 
pounda per Indicated horsepower per hour for a 1,400 H. P. triple-expansion 
engine running condensing. How long nft^l It take to consume 260 tons of coal, 
providing the engine averages a 14f-honr rim for each 24 boura? 

Problem 5. With a good quantity of coal the .consumption Is (a) pounds per 
^indicated horsepower per-hodr for a (b) H. P^ trlple-ex^nslon engine running 
condensing. How long will It ^ke to consume (c) tons of coal, provided the 
engine averages a 104-hour run for.each 24 hours? ^ 

Problem 6. In problem 5 let (a) = If pounds, (b) = 1,260 H. P., and (c) = 186 
tons. How lohg will the supply of fuel last? 
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It ia an «xc«U«at laattod of IntroduclaK W tlM apprentice Uie first steps in 
alcebta. sod my experleooe sliowa that the boy by this method graspe the Idea 
of algebra much more quickly than by the usual “ cut and dried ** methoda 

aiiOBaBa. 

/ 

A portion of the arithmetic claas period should bo ael aimrt for the study of 
elementary algebra. V 

It may be argued by some that the study of algebra is not necessat^ In un 
Induiitrlai education. To such \ will say that the study of algebra Is ne^^iry 
to a proper understanding of the formnlm which the boy wUl be called uixju 
to uae In hU later work. 

In the teaching of this subject great care must be exercised by the lustrurtiir 
In that his explanation of elqpientary principles must be so clear ami concise 
as to enable the boy to nodersUod the rery fbundutlon of algebra. Much 
attention is glran to the uae of (he formula and the simple equation. 

• PLANK OBOUgraY. 

In the teaching of plane geometry we give the boy Instruction relatlnflo the 
line, and plane figures. He is held to a rigorous explaimtlon of the theorem 
and the class Is not allowed to pass to the next thwirein until (he one under 
disi'iisslon is thoroughly understood. Wherever iK>s8lble. the attention of the 
boy Is called to a practical application of the principle Involved. This arouses 
the interest of the boy, for the subject then has a nieauing and its uppllcatlon 
is tangible and not Imaginary. \ 

In ooDitbetion with the geometry the subject of mensuriitlot^ Is taught. In 
probieour InYoJvIng weight the boy first calculates the weight aiid then checks 
^ this calculation by weighing the article. 

If there be a difference in the two results then the boy must prove whether 
or not the calculation is correct. He finally decides that the error la due to 
• his mistakes In the calculation. ^Ith the area of a plane surface a slmllnr 
method is followed and the boy must measure the surface and compare the 
result with his calculated area. 

A few speelmen problems are givep below : 

Problem 1. A cylindrical oil tank is to be made 30 Inches hT^Tlhimeter and 
long enough to hold 200 gaUona Find the length. ^ 

Problem 2. The handwheel of a rheostat Is 5^ Inches inside dimmer and 
7| Inehea outalde diamqter and cross sectlmi 1 Inch In diameter. Th^ub Is 
li Inches In diameter by li Inches Icoig and the bore .is one-Ualf loch In^iain- 
•eter; connecting the hub and hand part are 4 spokes each one-half inch In 
diameter. Find the weight* if made of C. I. 

Problem 8^ The concentric diffuse of an arc lamp is conical 40 Inches 

In diameter and 8 inches high. If the upper rays of light spike the surface 
6 Inches from the base, find the amount of refiecting surface iis^. 

Problem i. One part ot a friction brake is of the shape of the^frustum of a 
cone. The outer surface of the frustum is 8 ifiches in diameter aiid ti^^ 

6 Inches In diaineter ; the height Is U inches. What la the angle^ the ellf^ 
for the development of the leather, and what is the radius for the and f^ 
tbe topt / r ff 

nUOONOMETST. ^ 

Thla ends the subject of mathematics as pure mathematics It has been 
proven repeatedly In shopwork that a working knowledge of trigonometry is 
^ one of the most valuable assets a shopman can poaseas. On large, and some- 
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^Urnee small, Ujout wojrk a kpowlsidge of tlila subject la absolutely neoeSsary, 
ofteDUmes an eiiatA (Umenatoo muit be given and tbs work innst be **r**°Mi1 
t« that dimension. 

Our boys ate glrsn inatrucUon in trtgdaometxy through the solution of the 
o|;»n4ue irlaagle. Not all the examples pr p rob lama are given to the class, but, ^ 
enough are given to enable the boy to handle any problem wblcb be will be 
called uj>on to solve in the exscuUon of bis shopwork. 

He is given thorough Instruction in the ^1tMlaDlenUl piinclples of the subject, 
and bia knowledge of these principles is thoroughly teated. 

A few apectmen problems are given below ; 

Problem 1. Three bolee are m located on a custlug that the lines cuunecUng 
Iheir^centers form a right triangle. A is an acute angle of 28 degrees and <be 
hypotbenuse (c) la 11 lucUea. Find the aides a and b. 

Problem 2. A cast-steel ex^ust flange la 20 Inches in diameter, ia U b}cbee 
thick, and has 8 bolt boles nbiMlxteeatbs Inch lu diameter aiul exliauBt 
opening 6 Inches tn diameter. What is the surface area? W^bat Is the weight? 
Whet Is the distance between the centers of any two consecutive bolt boles? 

If one-elgbtb Inch was allowed for machining, what Is the original weight 
of the casting? 

Thit)ugho1it such a course as is outlined above, the real test of the 
boy s knowledge of his theoretical w'ork is found in his ability to ap- 
ply the principles supposedly mastered, to what arc usually termed 
practical problems. In tlie work at West Lyon tlie boys knowledge 
of mathematics is applied to mechanics, power of transmission, 
^rength of ^ materials, calculating machine parts, magnetism, and 
electricity/ 

Mr. Gardner, of the School for Apprentices of the New York Cen- 
tral Lines, characteriaas their work ip the following language; 


Stress is laid upon the practical and commercial side of the mathematical 
Instruction. Every /example U clothed In the language of the 8hoi>s and Is 
Illustrated by actual practice In the boy’s dally work. For example, the boy 
learns ratio npd proix)ctlon by figuring the change gears for cutting different 
screws In his lathe, and the principles of leverage are demonstrated by the 
throttle und reverse lever on4p^ locomotive and the brake rigging on the car. 
No attempt is nwde to teach subjects prpmotlng general culture. The system 
Is not philanthropic^ but Is a bard and fast business proposition firmly fixed 
upon a ivaylug basis. 

Things ore not taught that are interesting to the teacher, but those that are 
useful to the stxklent. The apprentice needs a working knowledge of elenientary 
mathematics, but the vital point Is thot It should be elemental and that It 
must be a working knowledge, . ttie problems are not regarded as affording a 
complete program of study In Itself, but afways. fOrm part of a regular course 
planned In n^rdance wltt the trade the boy Is following. 

Aritbmetl(|( algebra, geometry, physics, and practical mechanics are fused 
80 completely that the student knows ho study by any name but arithmetic. 
It has not been found expedient fbr skilled mechanics In railroad service to 
acquire a l^oriHedge of higher mathematic 

All cMvCtlonal limits between all branches of mathematics are suppressed. 
Mathematic is taught by lesson sheets Each boy takes two sheets of problems 
home per week, each sheet containing an average of seven problems In the 
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dSMToom and l^i^ratory two sheets of practical problems capable Of actual 
demonatration' are finished per week. Bright boys may do as many more at 
^ borne or in the classroom as they wish. 

^ \ The boy is toagbt by the instructor and his assistant, and is not told how to 

do eramples, hot is asked how to do them. Oroups of boys are instructed In 
the laboratory by the shop or classroom instructor. Instruction is very In- 
fon^l, and friendly discussions are encouraged between the boys and the 
teacner, consistent with order and discipline. 

t^verage models for problems in all classes* of levers, racks containing gears, 
and lathra for studying the properties of gearing, wheel and axle model, pulley 
blocks, inclined plane, screw Jack, etc., are used. A small upright engine is 
^ used in the laboratory for teaching valve setting. Models of the Stephenson 
. and Walschaert valve gears are studied and small scale models of engine wheels 
and frames are employed for teaching boys the practical way of Inyingyout 
keyways fOr axles and eccentrics and for setting the shoes and wedges which 
are used' in the main driving-wheel Journals of locomotives. A small tension 
and compression machine is used for a course in strength of materials. 

S^ple sheets of home problems usf d in the apprenticeship schools 
of the New York Central lines follow: 

If a raise* of pay of 10 per cent Is made in a man's wages it means that one- 
tenth of the present amount will be added to it. If his rate is $2.60 a day one- 
tenth of this Is 26 cents, and his new rate is, $2.76. 

Suppose. now our man getting $2.76 a* day was cut 10 per cent: what would 
he receive? 2.764-10/100=0.276, and $2,76-0.276=$2.47i, which Is less tljan he 
got in the first place before he wns raised 10 |K*r cenf. We^ thus see that a 10 
per cent raise Is less in amount than a 10 per cent cut Tbth is because our base 
for the cut is A larger sum than the^base for the raise. 

When we say an engine or motor Is 85 per cent efficient, we mean that we are 
getting 86 parts of work out of a possible 100. When we say a eertaiit quantity 
.^of coal contains 65 per cent carbon ond 1 per cent sulphur, we mean that 66/100 
of any amount of this coal is carbon and l^tOO is sulphur. We do not mean 
that 66 pounds are carbon and 1 po^od is sulphur. 


RATIO AUD PBOFOBTlOIf. 


" 1. If a planer has a cutting speed of SO^feet per minute and a return speed 
of 1A7 feet per minute, what fs the ratio of the cultlng speed to the return 
speed? 

2. ^I^t ratio ISfAbe area of the stedm port to that of the exhaust port on an 
^ engine having a steam port of 24 square inches and an exhaust port of square 
Inches? ^ 

d* The dead load of a 50-ton freight ,car, consisting of the weight of the car 
* empty and the thicks, is 42,600 pounds. The live load, or the 'weight of the 
fright carried, is 106,000 poonds. What is the ratio of the live to the ^eed 
lead? - 

4 . If the car in the above problem had only carried 87,400 pounds of frelghl^* 
what would have been the ratio of the live to the dead load? 

What la the ratio of the dead to the live load in a passenger coach wh^e 
the car and trucks weigh 00,400 pounds, and the passengers weigh 4,b00 pounds? 

^ 0. On a 86-incb planer the ratio of the cutting speed to the return speed of 

2.04. Wljth a return speed of 60 feet per mlnnte, what is the 
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B01Ll«MAKfllR’B BOMB PBOBUBIB. 

1. How. much wiU It toko to abwt* a thM-foarth looh atoal rtrM Ut tba Aoar- 
iag streogUi of the stori la rated at 4^000 poowde per aqaare teeh? 

2r The teoaila atrengUt of boiler plate Is 00,000 pooada per aqtmrv IswlL How 
many pouada would it take to poll apart a pleee ol plade 24 tachaa Wide by 
three-fourtka Inch thiefc? * 

a. Two oae-half iaob platea A and B 27) aiw joliiad by two Vlach rlTets 
in a single-riveted lap Joint Suppose the plates were pulled part the plate B 
tearing between the rivets on the line X ii X. It the tensile strength of the 






Pio. 27. 

plate is 56,000 pounds per square inch, what was the puli in pounds which tore 

tbf . plate? 

4; With the same plates .aa in the last problem, what pull would tear- the 
plate If the rtvets were three-fborth inch Instead of 1 Inch? 

6; If tlie efteartng strength of the rivet iron (flg. 27) is 45,000 pounds per 
squdre Inch, bow much wcjtiid the two 1-lnch rivets 'stand before they would 
be sheared off ? ^ How mueh would it take to shear .them if they were only 
three-fourth inch in diameter? 




I 

I 

I 

Hr- 



*4- 






■j— 


M 


>1 Inc^a 


yxo. 2s. 

6. In the jolat sbewa In flg, 27, If the rltwte agrw 1 InchUtahietier and the 
plate one-half inch thick, whlch^will give way first, the rivets or the plate? 

(UmBIUI, C0^1KK>M ntOBIiHMi, 

Blfr 2fl showa the lap ahesS el m tank made eC oae^wssth^ ifleiir 
Divide t^e flgiM into 8 rsctdiidies, as abowa by tfeg dottii IhiM^ Has 
» Ari{hikiet^*pye 187, to 



imd area of rectangle A In a«nare Incites; flna area of rectangle B In eouare 
ln«^: find area of rectangle C In square Incltee; find aVea of manhole In square 
Int^; find area of ai-inch half circle in square inches; find area of two 12- 
tach half circles in square Inches; find area of two 6-ljtch comers In square 
In^M; subtract the two coraws, the 24-lnCh semicircle and the manhole from 
rectanglo O, then add this area to A and B and then add to these the 24-lndi 
, circle made by the ends of the two jegs ; what Is area of flnlsbed plate In square 
Inches ; what la area of finished plato-ln square, feet ; what Is weight of finished 
plate in ponnda? 
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Fio. . 

Find the weight of coal which is contained In the two hoppers of the hopper- 
^ttom gondola car shown in Fig. 29. Find the area of the triangular end of one 
hopper and multiply this by the length of the hopper. The shape pf the hopper 
Is a triangular prlam. 

Rememter that 1,728 cubic Inches make 1 cubk: foot and that 1 cubic foot of 
c<»l wel^a 45 pounds, . , . ) . 

Consider the top side of the hopper to be finsb with the floor of the'car 

of two triangular ends, square inches; volume of two hoppers! cubic 
inches; volume of two hoppers, cubic ^eet; weight of- coal In two hoppers, 
pounds. 
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Flo. 20. 

lo^tAH,!*l^?!f! and m<wt Important thing is to find and 

I* the point which determines the moment 
arms from which we get the required answer. 

““ dlwance fh>m the fulcrum to the force dr 

At a 80-pound weight 

•tw. (S^aa) 8tedi^ ttrtni swbm 11^ 

sjf M ^ and iHd dtetance fsum the cento? 
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^ cK»«»AT«)ir nn>8^BiAi> «om>t>LB. 

8. A ■tBtkmary bollw la lua t»xn EO poonda per aqnare Indi ateaM prelaare. 
Tbe safety Talre la 2 InchM In jmWter. If tbe lefrer Is designed as In Fig. SO, 
bow heavy a weight must rained? dive answer to nearest erven pound. 

4. What class of lever Is s^wn by Fig SO. t 

1. Big. 81 shows a tender4>rake rigging operated by an 8 by 12 Inch air cylin- 


der. If the piston moves 8 inches, bow far will the push rod move? 

2. Draw the similar triangle diagram for problem 1 on the blackboard and 
mark plainly all d&nensloiis and distances moved. 



Fio. 81. 


8. If the* air pressure in the brake cylinder was 90 pounds per square Inch, 
what wonld.be the force transmitted by tbe push rod? 

Fig. & shows an air hoist using a regular shop tackle with two pulleys Ih 
tbe lower, or. movable, block and two in tbe upper block. Tbe loose end of the 
rope Is fastened to the upper block. This arrangement Is useful when It Is 
necessary td have a good deal of power with a low lift 



Fio. 82. Fio. 88. 

1. If the total lift required for the shown In Fig. 88 Is 8 feet and tbs 

heaviest casting weighs 12,000 pounds,' what length of cylinder would we need, 
allowing 2 Inches additional for clearance? ^ ^ 

2. In the above problem, 'what i^er must we have on the pistoin? 

8. TbO hoist shown in Fig. 88 tus three pnlleys-Hme on the plsttm fed end 
two onuthe stmctnrs. If It Is required to lift a maximum load of 9,000 pounds 
with an available air pressure of 80 pounds per'squaos Incb, what slae cylinder 
should be need? Give answer to joSarsst even IndL 
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SSBCOmiTTEB i. PUPAKATIOir Ot TBACH1R8 Of MAtBBlfATlCS / 
foft nuDB ARD'nnnnmufirBcHooLS. 

The cwnmittee charged with tiie inye^gatimi of the preparation of 
teachers consider the character of the^reparation which teachers of 
fnathematira have hai^ who are now ^ployed in trade schools or in ' 
%hooIs wiiich emphasize the practic4|dmaent, and also the changes 
in preparation for this work whidv^\re desirable, and how such 
dang^ may be brought aboui. As a preliminary to the two main' 
inquiries it was also thought to be desirable to investigate briefly the 
status of mathematics teaching in practical school^ in order to deter- 
mine the relative importance of the subject as indicated by the amount 
of timp given to it and by the character of the teaching. With these 
objects in view about 25 schools were chosehi located in widely sepa- 
rated sectimis of the United States, including all«the day and evening 
trade schools, public or private, known to the investigator, and also 
about the same number of technical or industrial schools having a 
more general vocational aim; and to these were^nt the following 
questionnaire; 

1. Is mathematics taught at all in your school ? If so, kindly indi- 
cate the extent in hours per year (a) of theoretical mathematics; (i) . 
of appliq4 mathematics. 

2. Is mathmnatics in your school taught by one or more specialists 
in that si^ject, by. a teacher of other subjects, or by both claases of 
teachers? (a) Number of special teachers of mathematics; (b) num- 
ber of teachers of other subjects who give mathematical instruction. *' 

8. Outline briefly the character of the preparation which your 
teachers of mathematics havte had, whether speciali.sts or not. 

4. What facilities for preparing teachers of mathematics for trade- 
school vrork are known ,to you ? 

6. Po you feel ^he necessity of extending the facilities for sudi 
preparation ; and if so, what recommendations would you make in^ 
legard to it? , 

The I^Bspon8es to-' this questionnaire werq^ prompt and ^nerally 
complete. There was k'wide range in the statistical relies called for 
in the first two que^ons, as might be expected from the Varied . 
character of the schools to which £he questionnaire was sent. There 
wqufd be no yaliue in tabulating these returns. ' Tlie significant facts 
determined were that near|y all the schools give sotne fnstruction in 
Jfceojtetipal n^thematics, only two reporting “ no insfi-uction,” an^ all 
wpg^d tiint tii^ 'giTe aem» katruction ki iqiplied "mathematics. 
^?»TW»teBl iltmibeF of boars of hiStraetiqp in theoretical mathe- 
n^laf is 44® hours par yisaV aitdt in applied mathematics 988 hours 
per ^ear. This is ro far in excess of tjle average that it. seemed' some- 
^ ^liat abnoiftpal . Tiiese fifires were Eejgorted by the director of a 
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tr^e Bchool connected witb a oeriain large manufacturing interest 
, ^de from tbis^oxtreme example the average ti me devoted to theo- 
retical matbmatics nuiy be eaid io be about 800 hours oovering a 
period of one and, one-half yew, while the average tune dev^i^ed to 
applied mathematics is 210 hours covering about the same time. 

‘ Several of th® report^ however, recognize no distin<^oQ between the 
theoretical and the applied "mathematics, but give the average amouht 
of time to the subje^*as a whole. There is some reason in this view 
of the case, inasmuch as theoretical mathematics should be, and prS'* 
sumably is, taught in practical schools not for men^I discipline, but 
for its utility as a necessary part of the equipment wtbe worker in a 
shop or factory. It is, in fact, very difficult to draw the line between 
theoretical mathematics taught with a practical aim and applied 
mathematics. » \ * 

.'The 'replies to the second question indicated that about the same 
number of special teachers of mathematics are employed as those 
who teaoh mathematics as'a part of their work. The reports indi- 
cate, however, a tendency in the directipn of the emplojrment of 
sp^ial teachers.^ In all large schools the special £easher is the rule, 
though one large industrial school reported only 8 special teachers of * 
. mathematics and 13 who teach other subjects as well. This is evi-, 
denily an exceptional instance. Most of the schools reporting a * 
mixed program for teachers of mathematics ijiere small sckoojs in' 
which\such a policy is a manifest necessity. seemed to be 

recognition ^ol the idea that mathematics teaching, to* be mok eff^- 
^ live, should be in the hands ox special teachers trained by study and 
by experience for this work. 

Turning. now to the first of the two main points of our inquiry 
viz, the cnai^cter of the preparation wlUch teachers of mathematics^ 
in practical schooJe have had, the reports indicate that college gradu- 
ates and graduates of engineering schools largely pifdominate, 
though in a few instances the highest training was received in 
normal schools., It should be said,' ImCevcr, that all^the rqports 
emphasized the fact that, in the selection of teachers, i^ueb weight 
was given to practical expmence in the shop or drafting room as a . 
necessary element in the training of teachers of mathematics in prac- 
tical schools. Such training is manifestly essential to effective work 
in allied mathema|ica Speaking of the teachers^of applied mathe- ^ 
maticjs, the diifec^Qr of the School of Industrial Foremeh in BoaUm 
says: ^^Tbey are teacher» of many years’ ezpegence in mec^axuciU 
and electrical engineering Ejecta, but have not sp e c i a li ze d in matbe- 
m’atical work* Such teachers are much better aUe to get^the point 
of view- of ihen carrying on work in the drafting rooiUi shop, or 
^ factory than is possible for a ieach^ whose experience is lihut^ to * 
instraetipn pw and^hnple.’’ This (giotaricm 
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repretwntfl tfie general t<Mie of ,aU the reports on this point. College 
^graduates x<dio are teachers of experience are effective in teaching 
- theoietfoal mathematics; but in oi^er to present the subject of ap- 
plied matli^matics effectively n}uch actual shop experience is essential. 
This thought was well expi^ess^ in one of the papers by the director 
of the industrial classes in Fitchburg, Ma:^, in recommending 
preparation in4he ^ best possible technical sdiools with 6 or 10 years’ 
shop experience as apprentice or joufheyman.” But, ideal as such 
preparation may be, it will be recognized as a .veiy difficult thing to 
accomplish in any large way. Certainly the i\umber^f teachers of 
mathematics, ^ven in practical schools, who have recei^ such- train- 
ing must be relatively small. With very few exceptions the answer 
to the fourth question — viz. What facilities for preparing teachers 

of mathematics for trade-school wwk are known to you? ^was 

“None at alL” 

Passmg to the second mkin point of nmuiry— viz, What changes in 
the present order of preparation for the Wactical teaching of mathe- 
*»matics are desirable?— the trend of th^repties was in'^favor of 
extending such Scientific and practical training as engineering courses 
and shop experience can affcnrd. No director of ’industrial or trade 
schools seems to feel that special school facilitira for preparing 
teachers of mathematics for tradq-school work would be desirable or 
indeed possible. One directm: writes that a course in practical 
• mathematics with a view to teaching “ should be given in engineer- 
ing courses in technical colleges, ”.and another says that it seems i^t 
that Ho special facilities to develop teachers of practical mathemat^ 
should provided, Hut rather that the effort should be made to 
develop in engineering schools teachers who have a realizing seifie of 
the imp<H*tance 'of applied mathematics Snd who should further per- 
fe<* themselves for teaching by actual experience in the solution of " 
. practical problems as they arise from time to time in actual shop- 
work , ^ 

Finally, .thirS^port may be summarized as follows: There are at 
present no special facilities for training teachers of mathem^ti(» for 
trade schools. Such teachers now find their beet preparation, after 
the necessary theoretical groundwork, in several; years of actual ex- 
perience in api^^ng mathematics to the problems of the shop and 
drying ro^ This practical experience is considered to be of such 
^‘.v . lw]par^co it does hot seem dteirahle, from the present ^int of - 
4f tl)[qB8 wild have had eatperience in directing ^d^school 
t^fMooriigs special sohool tsaiaing to devqlm of 

fOr tmde schods. ’ . ' ^ “ 

o!^ feir to Suggest that in some of our nosaiil schools the 
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true in schools in which much attention is given in the industrial 
arts. Not infrequently the teacher in training will have the oppor- 
tunity *to ti6a^ mathematics to students who are engaged in work in 
th^ household and industrial • arts, and the demand will be made- 
that problems growing out of their shopwork be used in the mathe- 
matics classes. Such training will not, of course, take the place of 
actual shop experience upon the part of the teacher, but we may 
exupct that students who have had such experience will at least ap- 
pi^ate the need for knowleclge of the work done in shops* 

To the student of the elementary school curriqulum these investi*. 
gations concerning the type of woi^ demanded in mathematics for 
special clasps of children will be suggestive in the reorganization^ 
of the whole curriculum for special groups of children. It is u# 
doubtedly ^rue that in all subjects the tendency has been to provide., 
a imiform course of study which takes little account ^f the lack of 
'^S^y on the part of those who quit school and ^art to work because 
of^he lack of interest in the school program. On the other hand, - 
the school has made little or no provision'for childr^ of superior 
ability. Tf it is true that the curriculum all along the line needs 
io be differentiated in at least the last two years of the elementary 
school cdtirse*to meet the needs of those who are to go into the indus- 
tries, it is none the less true that special provjj$ion should be-made for 
exceptionally capable children which will result in the saving of time 
in their preparation for their later 'work in college or technical 
schools. This investigation in the teaching of mathematics will, 
therefore, it seems, not only be significant in giving information to 
those who plan to opg^nize work in this field, b^t it will also point 
the way ior a reorganization which is demanded in other subjects. 
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Agriculture, rektiou <d arUfametio to, 66. 

Algebra, coukea coatoining, 134; laetnic- 
tioD, General Electric Co., 172; intro- 
duction in early gradaa, 17; puzpoee in 
grades, 134-136. ' 

Algonema, um of special, 111-113. 

American educadoual inatitotioMieche- 
matic survey, 7-14. 

Apprentices’ school, New.Yoric Central 
^ lines, instruction in mathematics, 173- 
177 ; partial list, 157; training in mathe- 
matics, 166-157. 

Arithmetic as a topic in Midiigan State 
Normal College, 83-84; course o< study, 
education department of State of^ New 
York, 45-^; Indianapolis schools, 66- 
64; effect of school organixatioa on 
m,- ~ teaching,' 83-84; method of instroctionf 
* ' 36-42,' 97-163; ‘objective method of 

teaching, 4CM1, lOS-lOft; relation to 
manual arts, 'household arte, and agri- 
culture, 64-^; special methods for ob- 
taining accur^y, inde^ji^dence, and 
speed, 107-111; status in rurid sdtools, 
16; 0 teaching, charactenstic moA in 
methods, 117-120, examples and j»ob- 
lema, 113-U7, Geitecal Electric Co., 
^ 17^-172; use of m^ods of xationalua- 

^ tion, 106-107; ,uae of special aigoriams, 
oval forms, and written anatigein^4,^ 
111-113. 


Augusta, Me., oaoree of etudy in mathe- 
matics tor public schools, 147. 
Boiler-maker’s home problems4g75. 
Butler, N, M.,.on Ironing of toachew in 
elemenlary gnades, 1A2. - 
California, elementory sohoob, eoacse of 
* study, 83. 

Chicsigo, coutMTof etudy ih|to>f^nuttics 
for the public athools, 147-148; 

g ty B(ho^, <agani 2 ation, 81. 
ty training schools, sev^th and eighth 
ptuie teachers of mathematics, 148. * 



City unit, 61. 

Class instructiso, 188-180. 

dam time, divistoo, 119-146. 

OonoF^te methods of toachiag, 140-141. 

Oomspondence schools, best type, 100. 

County board of education, luaictiQn apd 
powers, 79-80. 

County school, otganisatioD, 79. 

Couiee of etudy, arithmetic, eduesttkm 
department of New York State, 45-65; 
elementary schools, Califorma, 82; 
European, influence, 180^131; g^sral, 
16 t 17; general content of the courees 
by grades, 18^32 ;mathematioB, changes 
needed, 166, high eohools, 164-186, in 
ea(h type of s^ooi, 85-89, lack el uni- 
formity, 131-133, seventh and eighth 
grades, 146-148; primary schools, Ten- 
nessee, 81-88; nmJ schools, 71; 

33, 44-64. 

Courses, fendenctes as to* S8-S3. 

Courtis, S. A., on standardized teste, 91. 

Curriculum. See Couna of study. 

Departmental teaching, 141. 

Distri^'brganication of schools, 80. , 

DrapOT, A. 8., on training of teadien lor 
- elementay^hools. 166. 

Drawing, fandamenta! relation to geom- 
etry, 169. 1 

Education, nonpubUc agendas, 18-13. 

Educational alliance, New Yoi City, 71. 

Educational institutiane, Ameridao, sche- 
matic survey, 7-14. 

Elementary comae, influence of complet- 
' ing, 129. 


Elementary education, aim (Hamu), 16, 
(Thanidike) 16; ^e^tiondWjn, tt7. 
Elementary srimle, «im and 
' tion, 16^18; intoc^ nsimnimtMp, 81- 
§3; spec^ kinds, 1&3-181. 

Europeaa curricula, faflueane, 190. 
^Evening school^ supported" by lAiUie 
funds, list, 157-158, 




Ezaminfttioitf , from the pobt of view of 
"" the Bchool, 33-36, 72-74, ^92; kinds, 
33-35; mathematics, 136-138; reasona 
for giving, ^35; standardized teats, 36; 
tendency in the use of, 35-36. 

Formal diacipline, doctrine, 128. 

General Electric Co., inatruction in math- 
ematics, 171-173. 

Geometry, fundamental relation to draw- 
ing, 169; in the grades, 136; introduc- 
tion in earl^ grades, 17; plane, instruc- 
tion, General Electric Co., 172. 

Grades, amount of arithme tic to be ^ 
ered by, 83; distribution of material 
through, 33; geometry, 136; 1 to 6, 
miathematics, 68-1 19 ; organization , 
131. , 

“Grube method, ’’Arithmetic, 118. 

Hanua, Paul, aim of elementary educa- 
tion, 16. 

High school, influence of preparation, 
129-130 ; mathematics, curriculum , 
164-166. 

Horace Mann School, experiments in 
teachmg arithmetic, 120; grading, 83. 
Household arts, relation of arit^etic 
to, 54. 

^ Hull House, Chicago, 71. 

Indianapolis, schools, course of study in 
arithmetic, 65-64. • 

Induction and deduction, teaching, 141- 
142. 

Industrial changes, in United Sutee, 
80-81. . 

Industrial education, cultural, 161-182; 
public schools, 160-170; public schools, 
and local industries, 1^ 

Ste al$o Vocational industrial work. 
Industrial achoole, corporation, 170-177; 
intermediate, instruction in mathe- 
matics, 154-166; teacheiB of mathe- 
matics, 178^181, 

Industrial work, relation of mathematics 
to, 169-166. 

Instruction, class, lflO-139. * 

Interest, doctrine of, in training the will, 
126. . • 

John Wanamaker Oommeicial Institute, 
.ptnathamadod cuniculum, 170. 
Kindesgartdn, influence, 72; mathemat- 
ics, 65-67, 

l&ihe/towxrdup unit, 81. 

MaasachusetU, township unit, 81. i 


Mathematics, and applied sciences, 168; 
conduct of the course, 17-18; correlation 
pf diflerent linee, 168-169; elementary, 
ix^u<tnce of aims on teaching, 94-97; 
elementary, methods employed in 
'teaching (Suzzalo), 93-120; introduc- 
tion in early grades, 17; order of studies, 
167-168; proposed fusion of different 

f „ branches, 167; relation of arithmetic 
to, 54; required and elective, 167; 
teaching, i^uence of a scientific aim, 
94-97, methods employed, 75-78; utili- 
tarian side in public schools, 168. 

•Michigan State Normal College, arithme- 
tic as a topic, 83-84. 

Huseums, Vocational, illustrative ex- 
hibits, mathematics, 169. 

National Society for the Promotion of 
Industrial Education, list of trade 
schools, 155-156. 

Negro, trade schools, list, 159-160. 

New England States, toV^ip unit, 81. 

New York Central Lines, apprentices’ 
schools, instruction in mathematics, 
173-177. 

New York City, course of study in mathe- 
matics for the public schools, 147; for- 
ward movement, promotion of teachers 
of mathemati(», 149-150; preparation of 
teachers, 146. . > 

New York State, education department, 
course of study in arithmetic, 45-55. 

Nonpublic schools, types, 13-14. 

Normal schools, private, mathematics 
coffne, 149; State, mathematics c6urse, 
149; training, 43. ^ 

Organization of schools, 69-71; elemen- 
tary, internal, 81-53; external, 78-81. 

Parochial schools, mathematics in grades 
7 and 8, 142-144. 

Part-time schools, training, 159. 

Pedagogical museums, 126. 

Private elementary schools, purpose, 84- 

Private schools, influences, 131. 

psychological studies, influenge, 128. 

Public education, agendes, 7-9. 

jPublic schools, Idnda of industrial work, 
161; mathematics in grades 7 and 8, 
127-142; types, 9-12. 

Rationalizati^ use of methods of, 106- 
107. 
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Recitation time, 139. 

Rural schools, course of study, 71; influ- 
ences, 131; Michigan, couree of study, 
83; organixation, 71; sUltua of arithme- 
tic, 16. 

School period, six-year elementary, ar- 
guments for, p-S3. 

School year, elementary schools, 16. 

^ Sciences, applied, ahd mathematics, 16S. 

Seerley, H. H,, on training of teach ere for 
elementary schools, 152. 

Shop courses, schools supported by pub- 
lic funds, list, 158-159. 

Sfendardized testa, 36, 74. 

State board of education, powers and 
functions, 78-79. 

State normal schools, mathematics course, 
149. V 

Stone, (\ W., and standardking testa, 
74, 76. 

' Study time, 139. 

SuzzaTo, Henty, on methods employed 
in teaching elementary mathematics, 
93-120. ^ 

System of education, American, 7-14. 

Teachers, preparation for grades 1 to 6, 
120-126; preparation for grades 7 and 8, 
144-152; New York City, 146, 149-150; 
rational preparation for grades 7 and 8, 
150-152; recommendations for a teach- 
ing course, 43-44; seventh and eighth 
grades, 148-;i52; tirade and industrial 
school^ 178-181; training and qualifl- 
cation, 42-44i 
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Teaching, arithmetic, characteristic 
modes in methc^, 117-120, objective 
method, 103-106, use of special algo- 
risms, 111-113; mathematics, concrete 
mb&oda, 140-141, departmental, 141, 
induction and deduction, 141-142, 
methods, 75-78, 97-103 (Suzzalo), 93- 
120, rapidity and acci^y, 140. 

, Technical schools, day efaursee, 156; sup- 
ported by public funds, list, 156. 

Tennes^, elementary khools, course of 
study, 81-82. 

Thorndike, £. L., aim of elementary edu- 
cation, 15. 

Township organization of schools, 80. 

Township unit, 81, Maasachusetts, 81. 

Trade schools, colored race, list, 159-160; 
instruction in mathematics, 15&-156; 
list, supported by private foundation, 
156-156, support^ by public funds, 
15$; teachers of mathematics, 178-181. 

Trigonometry^ instruction. General Elec- 
tric Co., 17^173. 

United States Bureau qi Education, 
work, 78. 

University and coll^^ departments of 
education, training of teachers in mathe- 
matics, 148-149. 

University School, ^Montgomery, Ala., 
object, 84-85. ^ 

Vocational industrial work, 162-163. 

Washibgton Irving High School, New 
York City, relation of mathematics to 
industrial work, 1^. 

Y. M. C. A., industrial education, 158. 






# 





